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third volume which the Publishers have had the 
rivUege to present to the Engineering Public, embodies, 
s will be seen on inspection of its pages, many improve- 
ments in arrangement, and in addition, ha£ a large accession 
' to the number of the illuBtrations which were given in the 
' " preceding volumes. It is scarcely necessary, therefore, to 

* say that every endeavour has now been, as eveiy endeavour 
"* 'will hereafter be made, to render the work worthy of the 
L Dotice and patronage of the members of the distinguished 

* ■ profession which its pages address. As the principles upon 
; which it is based have aU:eady been, in the ireceding 

j|»volume8, fully stated, further reference to them is not here 
iderated ; it is, however, right to state, that of the high 
J utility which the work claims to possess, numerous 
ted gratifying evidences have been forwarded to the con- 
tuctors. Professional engagements and other circumstances 
lave prevented the Editor from giving that attention to the 
ladls of the work which he would have wished to have 
Lowed upon them ; delegation, therefore, to another ,gen- 
I'tlemaQ has been therefore necessary to secure that eJEciency 
which he believes is attained in the present volume. 

For the matter of the papers of which the ■voVume \a cum- 
i the Editor has to acknowledge Ki8 8peCiaio\JL'i^'C\ao&| 
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to the foUowing Journals published in this country, all of 
which are conducted with admirable ability, and contain a 
vast variety of valuable facts and papers. He can only regret 
that the limited space at his disposal has prevented him from 
drawing the attention of his readers to other subjects dis- 
cussed in their pages: — The Engineer; the Mechanics' 
Magazine ; the Practical Mechanics' Journal ; the Engi- 
neer and Architect's Journal ; the Building News ; the 
Builder; the Chemical News ; the Scientific American, pub- 
lished at New York ; and the Transactions and Reports of 
the Scientific Societies and Associations. 

March, 1860. 
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DIVISION FIEST. 

§B0ILBa8 AND VESSELS FOR COKTAININa STEAM AND OTHER 
FLUIDS UNDER P&ESSUKB. 

s saying of that distinguished authority on mutters me- 
il — William Fairbaim — that the danger in the uae of high 
re Bteam does not consist " in the inttiiisity uf pressure to 
the steam may I)e raised, hut in the character and con- 
iction of the vessel which contains the dangerous element " — 
be set down as one of those truisms which one meets every 
.taining a vast deal of suggestive truth, but which is often 
rlooked, if not altogether ignored. It contains the very pith 
of the whole question; yet although not deniable by 
one, it is true, notwithstanding, that the principle which 
iTolves is not accepted as the one which should dictate the 
itice of many to whom the manidacture of boilers is in- 
-and we may add, of those by whom they are held in 
e. Else — and the question really comes forth with 
. view of these catastrophes — else how is it that the public 
■what ought to be, but unfortunately is not^ is every now 
then sLookod by a recurrence of those accidents which result 
bench extensive loss uf life and property 1 It is the saying of 
who hss said many good things in his day, that " self-interest 
[telligent," In the matter of the uae of boilers no- 
iy defective in form, material, and coi^BttaatiQa, s^V 
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interest is not always intelligent ; for however easily employers may 
take the loss of lite which the accidents arising from the use of boilers 
— and truly life, by some, is in estimation low enough — one would 
think that their self-interest would prompt them to avoid, by all 
means in their power, the loss of their property. In view, in- 
deed, of the recklessness with which such a power, gigantic for 
good or evil, according as it is used or abused, is availed of in 
practice, it seems almost a hopeless task to endeavour to place 
matters on a universally right footing, either through the powers 
of the press, or the persuasions of science. And 3^et, degraded 
as in too many instances we have found the science or art, or 
call it what you will, of Boiler Engineering for long time to have 
been, it js consoling to know that we are moving, and in the 
right direction. For long left to take care of itself, under the 
impressiop, apparently, that no care was needed, boiler engineer- 
ing is now demanding the attention and engrossing the cares of 
a large and enlightened portion of the mechanical community. 
"We see abundant evidences around us of the truth of this, and of 
these evidences, this ye-ar's record of " Engineering Facts and 
Figures," whicU we are again privileged to place before the reader, 
and which we are about to commence, will, we trust, be a fair 
r(^sum6. This n5suni< we shall, for the convenience of ready 
Reference, arrange under the following heails : — Section First, 
Forms of Materials, and Construction of Boilers — Theoretical and 
Practical Considerations affecting these. Section Second, The 
Appliances of Boilers and their Practical Management. Section 
Third, Wear and Tear of Boilers — Causes which deteriorate 
them. Section Fourth, Explosions of Boilers. Tlie points 
connected with Furnaces, and the Fuel which is consumed in 
them, will be found discussecj under Division Second. 

section first. 

2. Foitns and Materials of Boilers — Theoretical and Practical 

Cotutidcrafions affecting them. — (a) " fl^e Field Boiler." In par. 

2, p. 3, of our volflme for 1864, we give a description of the then 

'"Telty of the yei>r, in the forni of the'" Harrison,' or Cast-iron 

^ro BoUer, aijd for the details of which we refer the reader to 

named above. We have this year to present a description 






(.] KOKMS AND MATERIALS OF IJOILK 



%nil illuBtratioii of a new form of boiler which is caiisiiig cunBiiler- 
nble discu^ioii tLtuoiigut tngiiieer^ ami fi>i' iHJth of wliieh wu ore 
indehteil to an article in the " Civil Eugfnoer and Architeufs 
Journal." The writer of tliia article comiiienees by pointing oui 
the ohject of a steam boiler, wldoh in low woi'da n|.iy bu Biimmed 
up by stating thut the less time fttid the leas space occupied in 
Hvapomting any given quantity of water the better. Advaiitayt- 
^^)\se, however, as quick evaporation may be, it is ohvioos that theu! 
^Kblvanbiges depend very nrnoh on the way in which that evapora- 
^^BOn is can'Bil on. 'fhey must not, for instance, be piireliaaed at 
^^jbiy aacrifiGb of fuel, of apace, or of safety. After poiuting out 
I that in the Cornish, an<l boilers of similar class, l e. witii 
liir>ce internal <lnss, and in raultitubi)lar boilers, with Bumll in- 
ternal tlvies, quick economical evaporation, in tits aeuse maintained 
^Jiy tlie writer of the paper, is not attainablw. Two premiaea 
^^ue prestuned by the writer to be correct, namely, " Firstiy, that 
^Hhe cannot use the Cornish system with its krge body of inert 
^BPater ; and secondly, that the plan of passing tiie heated products 
^lif combustion in thread-like streams through the water sjiaoe, as 
ill the ordinary mnltitabnlar boiler, is also pr-ictically incorrect," 
" Let us now suppose," the writer uontinues, " that instead of 
po^ng the products of combustion in small streams tliruugh thu 
water, we cause the water itself to pass in like streams (and with 
3 rapidity of flow self-pro]K)rtioned to the heat wliereby it is 
aiirronmloil) into and tlirongh the hottest part of the furnace. 
The result will then be that, with stow combustion the circula- 
tion will be alow, so that the quantity of water pi'esentcd to the 
action of the fii* in any given time will be exactly suited to its 
' wi-impartiiig power ; luui that if the rapidity and intensity of 
B combustiot be increased, the nipidity with whieJi the watt^r 
[ pass thcougb the fmiiace will be proportionately increased, 
8 this will be so even although the lire be urged to give out the 
Ifttest possible amount of heat. Jlence it is evident that, a<s 
i velocity of the circulation is in all ooaea i-egulateil by the 
iving power for t!ie time being of tlie furnace, it matters 
f whether the oombnstiou be slow or qniok, excepting that in 
blatter case we shall be enabled, by the greater velocity with 
li the streams of water pass through the furnace, to eva^nr- 

iuuAtely greatci' quantity tu t^io BftUDU &v^i*=^ ^'^'^ '^^v 
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la pieoieel; ttiQ principle of the boiler under notice, the practical' 
results of which ont^ircly corroborate the foregoing remarks, aud 
satiafactorily prove thiit the principle of Bubniitting the vater, in 
small and rapidly circulating etrcams, to the taoat intense heat of 
the furnace, is the true one, and superior to any oUier yet intro- 
duced; as uldo that, in this way, alraoat the whole of the heat 
generateil in the furnace (with the exception of what is neces- 
^rily employed for the purpose of nmintaining a sufficient 
draught) may be utilised iti tlie production of steam, and thai 
economy of space and weight may thus be niado to go hand in 
hand with that of fuel. 

" A consideration of the construction of the Field boiler will 
at once show how these effects are produced, while the boiler it- 
self is at the same time rendered safer than any other kind of 
boiler in existence. It should, however, bo firstly mentioned, that 
the principle of construction adopted in the Field boiler is not only- 
applicable to boilers for stationary purposes, but also with eqo^ 
advantage to those of the marine and portable classes, and with. 
reference to the latter class, has proved itself capable of going 
through the most severe work uninjured under which othra 
boilers have required constant repair, and have never, at the bes^ 
been &ee from leakage. The construction of the Field boiler is 
this: — 

" It consists of two principal parts, namely, the water and steam, 
space, or body of the boiler, and the fmnace, or chamber wherein 
the fuel is burnt. For stationary purposes the boiler is made 
cylindrical in form, with an annular water-space a, surrounding] 
the furnace ft, as sliown in Fig, I, but the form may be readily 
varied and adapted as required to suit any peculiarities of cir- 
cumstance or position, whether for land or marine purposes, In 
the case of the cylindrical vertical toiler J'cfcrred to a number of 
lubes c, placed annularly around a fine tube d, passing upward 
ihrough the boiler, hang down or are pendant from the under- 
side of the water and steam s|}ace e, into the furnace b. 
~' 3se tubea (in Fig. 2 an enlarged tube is illustrated) 
r upper ends into the water-space, and being closed 
their lower ends are consequently (when the boiler is in readi- 
s for starting) entipily filled with water, the top level of whick 
omo ijiebes above tiieir upper ends. Wiltin. eask ui ttis 




LB freely suspended, by means nf feathers x, a snialler tubL> 

1 at both euda, the upper emi of wliieh i' 

1 of tie upper end of tlie outer tube c, but ia short of reach- 

\ to the bottom of it. The tops of these inner tubes are provid- 

Rith tnimpot or funnel shaped mouths or du^octoca g, 'nVlmlV, 

will ho aeen, pertorm an important -part in t\ia acfeiP. ol '^ 





cylijiilui' h, HiLdpeLided beneath tlia opeik 
wliich passes upwards througti the 1 
cr, preventa any portion of the heat of tlje funiaou from pasaini 
away without haviiijit firstly eiivBl'iped and betnme almost en. 
lirely absiirbed hy the pendant tubes and water circulatiag witLiiJ 

After iluscribinj,' the arrangonienta of boiler used for mii 
and steaii; lira engines, the writer thus concludes liLs paper :— 
conaiderafcion of what takfs place in the working of the Field 
boiler will at once clearly show wliy it should, in all cases, 
tmat favonrably with otlier boilers employed under similar circum- 
stances. Xhiia, taking for example the size of atationaty boilef 
known as 80-horse, but wliich will, in reality, work with aaae 
up to 120 horae-power, the outer diameter of this boiler is 6 flt 
fi in., and its height 8 ft. 8 in. It contains 490 square feet ol 
tube surface, the outer tnbea being 2 indies in iuterual and 2j 
inches in external diameter ; and the inner I inch in diameter. 
Now, upon lighting the tire the water in these tubes iinmediatelj 
eumnienees tij circulate every increment of heat, however trif 
added to the Water contained in the annular spaces, between tht 
inner and outer tubes, lessening its specific gravity, and causing 
it to ascend, and cold water to coiiswiuently descend the innal 
tubes to supply its place. This action goes on increasing gradoi 
ally in rapidity until ebullitiou commences, at wliich time the Yft 
loeity of How is increased enormously, owing to the great diffev 
eiioe between the specific gravity of the mixed writer and ateaii 
" J aunniar spaces, and that of the solid watoi 
^paaending the inner tubes. 
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^■^ "Tiiking the velocity ol flow down the inner tabes at 1 

^Hjiff second, and the number of tubes at SSO, we xhali havu n 

^^■anti^ of water equal to about 96 gallnus passing down ii>t<i 

VK|» fitniHC^ and being submitted to its most intense action in 

P erery eecnnd i>f time. Moreover, owing to the principle of actiou 

uf the tubes, tlio water so Mnbmitted neMHsmily belongs to the loaa 

boated portion of the contents of the boiler, and consequently 

poastsas^ the greatest capacity for heat. Now when we consider 

that an amount of water equal to the entire average contents of the 

boiler ii tlius passed into the furnace, with the intervention of 

irnly one-eighth of an inch of metal between itself and the fire, in 

evei? six neconds of time, some idea may formed of the imnieuse 

rapidity with which the heat of the furnace may be jiossed into 

the water ; which may be further atrengthened by reflection on 

the well-known fact, that if it be attempted to harden a tolerably 

large piece of steel by plunging it when hot vertically into cold 

wa[«r, und holding it motionless in that position, the attempt 

irill prove a failure, inasmuch as the water will fuii to carrj' off 

! heat from the steel with sulticient rapidity to effect the 

rdening, but if, instead of holding the steel motionless as de- 

e move it more or less rapidly from side to side through 

a vater, the hardening will bo at once effected. Now, this is 

'sely the difference between the ordinary kinds of boiler and 

e one wliicli forms the subject of this paper. In each case we 

3 one hand a mass of water subjected to heat, and un- 

e to change its position with sufficient rapidity to absorb the 

tat presented t'j it ; and on the other, a constantly changing 

) of fluid, carrying olf the heat from the metal with great 

npidity, and in each case effecting the object desired. 

" Here, then, is one very obvious reason for the economical re- 
sults achieved by these boilers, even under circumstances which 
^Blight seem to put economy out of the question, the fact simply 
^^nong that, in ordinary boilets, the circnlation, left to shift for it- 
^^■1( has great difficulty in becoming of a decided character in a-*.- 
^Hfirection, so that the water instead of taking off, or as it, -jre ft,, 
I^Tspressed, rushing off with the heat from the motal r-- 27 cwt 
hangs about it, and with oompaifltivB slowness ' 
The consequence is that much of the Iv, power, capable of doing 
(by, the flues instead of inti> the wat'''*' X T fii. S^^rf 
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Ibre remarked, that slow combnstion with ordinary boilers necM- 
Borily ahowi to belter advantage than quick. It If important in 
■discuaeing the meritB of any boiler to advert to the difficulties, if 
any, likuly to arise from the deposit on its anrtace of these trouble- 
Bonie matters, the sulphates and carbonates of lime or such other 
compounds of them as are usually thrown down in the form, of a 
hard scaly incrustation. It is well known that such deposits are en- 
oouraged by slavish circulation, and that where the circulation 
most feeble, as well as in the neighbourhood of the feed pipe 
where the water first enters the boiler, the deposit is usually thick- 
et than at any other places. Bearing this in view, we are aatu* 
rally led to expect that the effect of very rapid and constant circu- 
lation will be to prevent deposit in the channels wherein such dr- 
culntion takes place, and are therefore scarcely surprised to find 
that the tubes of boilers of steam fire-engines constructed upon 
the Field principle, and worked almost daily for two years, have 
ainud entirely free from deposit, 

It may be that some small part of this remarkable result is 
dne to the continual changes of water, with which, from the na- 
ture of tlieir duties, these boUers are worked, but assuredly, iC 
that be so, the part borne by these changes in preventing incros- 
(ation is very small indeed. But allowing that continual change 
of water has some appreciable influence in the matter, atationaty 
boilers on the Field system now at work show tliat with the most 
ordinary precautions there is practically no incrustation. The 
writer was present lately at the opening of one of these boilers 
for the usual quarterly examination, and ia enabled to atate that 
there was no hard or scaly deposit whatever. At the bottom of the 
water-space there was a light- coloured mud, which, when dried, 
proved to he an impalpable powder, consisting doubtless of the mat- 
which, in ordinary cases, are deposited in boilers in the form 
of hard incrustation, but which, in this ease, had been kept in 
mechanical suspension until finally thrown down into the water- 
Space as described. The precautions which had been taken in this 
instance, and which were ao thoroughly efficient, were of the most 
imple character, and consisted, firstly, in the employment of an 
inexpensive water heater, whereby some of the calcareous matters 
contained in the water were thrown down previous to its entrance 
le boiler J and secondly, in the use in the wa.Wi oi a \rffi\i\^ 
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quantity of conipoaition, knowu as Back's, and consisting ajipa- 
rently, chiefly of soda, which 86eniingly had the effect of complet- 
ing whatever was left undone by the heater. 

In reply to a correspondent in the pogea of the Mechanics' 
Maganne, who wished some practical information as to dimen- 
siona, weight, &c., &c., of boilers of this class of given power; 
the inventor, Mr. Eilniund Field, Chandos Chambere, Adel- 
phi, London, addressed to the same Journal the following 

" I beg to aay that boilers on my principle applied to the 
steam fire-ongines manufactured by Meosra. Menyweather and 
Sons, are of the following general dimensions and weights, and 
have done actual useful work, and held their steam thoroughly 
well up to and even beyond the powers named. 

" A boiler, the outer diameter of which is 2 ft. 4^ in., and its 
height 3 ft. 9 in., the area of the lire-grate being S'6 square ft. 
and that of the tuhe euriace 5i'5 square ft., has worked continu- 
onaly up to 20 horse-power. The weight of thia boiler ia about 
7 cwt, and the consumption of fuel 1 cwt. per hour. 

" Another, having an outer diameter of 3 ft. 6 in., and height of 
5 ft., area of fire-grate 7 square ft., tube-heating surface 1926 
square ft., and weighing about 1 5 cwt,, has given an effective 
power of 68 horses, with a consumption of less than 3 cwt, of 
^el per hour ; and has shown itself capable of continuing it 
without losing pressure, for any length of time. 

" For stationary purposes where weight ia of leas importance, I 
prefer to employ boilers of a more roomy construction, in which, 
although a longer time ia occupied in getting up steam than in 
the class of boilers above referred to. tliere b much less trouble 
in stoking. In fact, the trouble in this respect is less with 
these than with boilers of the Cornish construction, while the 
gTonnd apace they occupy is only about one-sixth of that required 
for the Cornish. Thus, a stationary boiler capable of doing, with 
steady working, about 15 horse-power, ia 3 ft. 8^ in. diarae- 
tur X 6 ft. 8 in. bigh, its area of iire-grate beiog 5 square ft., 
tnbe-heating surface 60 square ft,, and weight about 27 cwt. 
Thia is nominally a 10 horae-power boiler. 

"The dimensions of a nominal 20 horse-power, capable of doing 
about 30 horses' work, arc 4 ft. diameter x T fl^. ^ in. \»^ ■=: 
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of fire-grate alwnt 7 square ft. :^ tube- heatiug surface 121 a 
ft., and weight about 42 twt. 

"A nominal 40 liorae-power is 4 ft. 10 in. diameter x 8 ft. ■ 
in. bigli,; area of tire-gi'ate alront 10 sqiiure ft., tube-heating sub 
face 240 aquure ft,, and weight aliout 3 tons. 

A nominal 80 horse-power ia 6 fL 4j in, diameter x 8 ft. : 
in, high, area of fire-grate about 21 square ft., tube-heating sob 
face 480 square &^, and weight about 4 tons. 

" Stationary boilers of tliis class are evaporating OVM 10 1 
water for I lb. of fuel" 

And in the same Journal, under date of July 14tb, 1865, 
leading aa'ticle is given on "Tlie Field Boiler," in which 1' 
ai^ some vf^y interesting detatb connected with ita practiot 
working. Ihe writer commences by pointing out the advanta_ 
and disadvantages of the two great classes of boilers now cliieQ 
in use — namely, tlie double flue and tlie "multitubular " boilei 
The former, be says, is {jtobably " unequalled by any of the c~ 
to wliich it belongs for simplicity and etfectiveness," but it fa 
up much space, and where space cannot be had another form i 
desiderated. Here comes into use the " multitubular boiler,' 
which is cnniparativeiy safe, or rather, in Jbe language of t' 
writer, possesses a perfect inirnuiiity iti respect of violent explo 
Bions, but tlus boiler has its defects, it is expensive, and it doe 
not alfurd the means to allow the water to circulate freely and i 
absorb all the beat generated by the combustion of the fuel j 
field — no pun is intended good readar — is thus open for a boila 
which shall poesese all the advantugea but none of the disadvaa 
tagea of these two boilers, and this is apparently taken well up ant 
practically occupied by tlie " Field' boiler, about winch the writoil 
of tile leaderabove referred,to thus discourses, and which, he aay8|l 
he believes has secured more effectively than any other form yet in- 
troduced, all the advantages aimed at by its inventor : — " The r 
pidity,'' he says, "with which it generates steam has just recfiivad 
another pi-actical illustration iu the steam iire-engine competitio: 
at Cologne, the report of which appeared in our last nuniberj" 
Messrs. Merry weather's engine, which carried the firat prize, was 
fitted with a ' Field ' boiler, and raised steam from cold water to a 
pressure of 100 lbs. per square inch in 7 nun, aud 28 sec. Irom ' 
tiiaa of lighting the hxi. k 
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" It will, doubtless, be remembered that the ' Field ' builei' woa 
applied, in tlie first iostaiice, to steam fira-en^incs ; but, aa it was 
considered to possess many adviiDtages wbich would Tuiider it 
■ vidnable for othev usen, steps were taken to teat its efficiency for 
■^stationary purposes, and tUe result proved satisfaetury in every 
^Visspeut. By no means the least important benefit derived from 
^ptttie adoption of this system, ia the great saving effected in the 
B^ 9{Mx oouupied, the diiiiensiona of a steady working 80 noniiuul 
' horse-power ' Field ' Imiler, including furnace, being only 6 ft, G 
ill. diameter, by 8 ft. 8 in. hii^h. Tlien thei* is the further and 
equally important question of safety already refeired to, and 
which is certainly one of the fiwt oonaidenitions in putting down 
a uew boiler, especially in densely populated localities. Upon 
this point we have no hesitation in stating our conviction that 
the Bjetem under notice is the safest form of steam generator yet 
introduced. In the event of shortness of water, the worst that 
can ba]>pen is the bumiiig of some of the tube«, wliicli, in fact, 
serve as fumble plugs, so that the fire is extinj^uisliod without 
further dam^e. This was actually proved, in a case of culpa- 
ble neglect on the part of an attendant, under circumstances 
which must have resulted iu a diaaatroas explosion had the boiler 
employed been a Cornish instead of a ' Fitdd.' As it was, the 
main body or shell and the tube plate received no itijuiy what- 
ever, and the damaged tubes having been ruueweil, the boiler 
was very sliortly agniii at work. Indeed, the facility with which 
tbe tubed may he renewed is remarkable, and constitutes another 
important feature in tbe boiler. It should also be mtntioued 
I ihitt leakage is effectually prevented in consequence of the eiitire 
absence of unequal expansion and contraction. 

" In some climates boilers are especially subjected to the effects 
of frost ; under these circumstances it might he inferred tliat the 
' freeaing of tbe water in the tubes of the 'Field' boiler would 
be liable to cause them to burst Tiiis, however, is found not 
to be the cose. Tul«a, of extra light make, and filled with water, 
have been jiurpuaely frozen and thawed foai times in succession, 
BO that the water throughout their entire length was on each oc- 
casion coinjiletely sohditied. The re.iult was simply that the 
inner tube was, for the time being, slightly raised, and iinmeili- 
^ uyou.U^ ice bein^ tbuwed It fell agtau. Uito ^!ia >VBjBV. 
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^B position. In conBumption of fuel, the 'Field' boiler ia found 

^M to be very economical, a fnct niainlj due to the rapid circnlation 

^m of the water through the hottest part of the firo. The corabus- 

^P tion attainable with water tubea pendent into the fire is far more 

^1 perfect than in the case of boilers constructed according to t\u 

H ordinary tubular systema. The peculiar arrangetuent of thi 

^r ' Field ' boiler also enables the stoking to be nioro easily effected 

than is the case with most other steam generators. It has b 

advanced by some that the deposit of incrustation upon the ti 

would, in many cases, form a serious obstacle to the adoption o 

I this system of botler. The truth is, however, that somt 
boilers have been severely tested in steam fire-engines, a 
to be entirely free from deposit after over two years' conatant usfii 
In the case of a stationary boiler recently opened for quarterly 
examination it was found as clean and free from hanl or scaly; 
incraatation as on the day it was first worked. The only deposit 
found was at the bottom of the water casing surrounding thri 
furnace, where it lay in the form of a Hght-colourod mud. Oli 

» being dried this mud or paste resolved itself into a number V 
disintegrated particles, doubtless those which enter into the com' 
position of the substances that ordinarily constitute the hard 
iucrustation on the interna! surfaces of boilers. £nt there ifl 
nothing particularly wonderful in this when the principle upoH 
which the boiler is constructed is taken into consideration. Fnnd 

I observation of the action of the ' Field ' bniler, as illustrated in 
a glass model of working dimensions, we were enabled to see that 
all extraneous matters were carried up by the circulation i 
tabes, and thrown to the bottom of the water casing. FroiA 
thence they may be blown out through a cock in the ordinary 
manner, and this was doubtless the cose with the substances ti 
which we have just referred 
" It may be as well to note here the practical performance of thff 
'Field' boiler, from which its merits will he clearly seen. Tha 
example taken is an 80 nominal horse power stationary boiler, 
the dimensions of which, as alrea^iy stated, are 6 ft. 6 ina. dia- 
meter by 8 ft. 8 ins. high, no brickivnrk being required for setting 
except in the ash-pit. The total area of heating surface is aboufc 
568 square feet, the external tuhe surface presenting 490, and 
lAe £re box 78 square feet. Th" ^fftMiia aiea. \a 11 iK^saa 
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feet. The weight of fuel bamed on each square fw>t of grate ia 
abont 20 lbs. per hour. About 18 cubic feet of water are eva- 
porated from the initial temperature by 112 lbs. of fuel, which 
la about 10 lbs. of water for each pound of fuel burnt, The 
number of cubic feet of water evaporated per honr from initial 
temperature is 70 '4. There are 8 square feet of heating sur&ce 
for each cubic foot of water evaporated per hour, and the num- 
ber of square feet of heatjng surface for each square foot of grate 
ia 26. The temperature of the products of combuation eaoaping 
from the cblmQey rarely exceeds 600 degrees, although the tem- 
perature over the fire is upwards of 3,000 dega., this fact eliowa 
how efficiently the boiler absorbs the beat from the fire. Based 
upon the tried practical working of the principle, the concluaions 
at which we inevitably arrive are, that the 'Field' boiler sup- 
plies the long-felt want of a compact, inexpensive, economical, 
safe, and thoroughly efficient steam generator. If anything were 
wanted to remove any ideality that might appear to attach to 
this boiler, it is supplied in the fact of its appreciation by prac- 
tical men, as evidenced by a considerable number — some of large 
power — being at present in course of construction in this country 
and abroad for stationary and other purposes." 

3. In last paragraph allusion has been made to the advan- 
tages, or presumed advantages, of tubular butlers — we say pre- 
sumed, for the question of tubular, as against other forms of 
boiler, is one of the " vexed questions " with which the practice 
aud the science of engineering abounds. The reader desirous to 
have a reaum6 of what has been said on the subject, will find 
papers bearing upon it in the volume of " Engineering Facts and 
Figures for 1864," in par. 4, p. 15. We supplement this by an 
abstract of a paper entitled " Facts and Fallacies as to Tubular 
Boilers," which has been given in the Practical Mechanics' Jonr< 
nal, under date Feb. lat, I8G5, and which is in fact a review of 
a pamphlet by Mr. C. W. Williams, published by Spon, London, 
entitled, " On the Steam Generatmg Power of Marino and Loco- 
motive Boilers." In an early part of the work, Mr. Williams, in a 
brief but importaut passage, runs counter tea very generally receiv- 
ed opinion astotliebeatiiig value or capacity of tubes. TLis opinion 
baa generally been favourable, indeed when introduced by Ste- 
jihenson, they wore at once accepted as the tbiivg Yi\v\'i\i ■^aa Wr 
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eentini to ihal mpid ntiaing of stentn npoii ^vhich the best qiulitiei 
t>f the locorautive dejienUed. If tba opinion of Mr. Williams i 
correct, it will apjwar timt engineers have been raistalcen i 
estirante of the value of tubes, and that tfaey must look to othe 
pHrta of the boiler as tliose which dictate its steam-raising tbIb 
The following is the ptutsa^ alluded to, and the comments of S, 
eilitciv of the " Practical Mechanics' Journal '' thereon : — 

" ' It will doubtless hereafter," says Mr. Williams, "be a mi 
ter of special wouder, when the aoustruction of buiture shall I1&1 
been perfected, to find that for thirty-four years, since Stepliei 
Hocket won the prize for the locomotive, we have been followii 
an ignis faiuiis — the so-called heating surfiice of tubes ; 
BO far from that siu'tace being the nieaeure of the heat-traTisiaitttl 
and evaporative power, it may in fact be altogether omitted in 
calculations, and for the measure of that power we shall have to Im 
to a itilferent part of the boiler — a portion hitherto absolutely IX 
noticed ami unappreciated by engineers. The experiments at 
proofs hereafter detailed fully establish this fact beyond questioi 
" So far," says the reviewer, " the statement is that the tub 
of tubular boilers {locomotive or marine) are, as a means of a 
veying the heat of the products of the burnt fuel to the wal 
absolutely valueless. 

" The next paragraph surpasses our comprehension, as to I 
distinct idea it conveys. 

" ' Of the tube internal surface, an r^ards its heat-transmittfi 
and steam-generating property, we may, as wUl hereafter be show 
on the authority of the late Mr. Dewrauce and Mr. Hick o" ~ 
ton, estimate its efficiency in comparison with that of the furna 
or fire-box plates at but one-tenth of the gross nominal sui&ioe 
presents, where the tubes are not more than six feet long, 
own numerous experiments and observations fully bear out tl 
statement.' 'Again, wlipn the tubes are ten feet long a 
upwards, we will not err niucli if; with the esce]ition of the fi 
twelve inelten, we leave them altogether out of our calculation, at 
regard them as mere conduits fur conveying the heated prodnfl 
of combustion to the chimney.' 

" So then, (vith tabes of six feet long, ten super, feet of tul 
is equal to one of fire box ; but tubes of any greater length, lioi 
orerLtvat their total surface, we may consider aa woiftiM 
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" So far for tbe ignis futma that engineers have bteii foolishly 
relyin,^ upon for thirty-four years aehftviiig something to do witli 
tbe steam raised in locomotives, &c — such is their sin of oom- 
mission, according to Ui'. Wiiliama. Let us now come to thi-ir 
sin of omiasiou — ' the portioa of the boiler which liaa been ab- 
aolutely unnoticed aiid unappruciateil by engineers.' 

" Here we liave it. ' Against the ineufficieney of tile tubes, 
as heat transmitters and eteam generators, we have the hitherto 
neglcctod surface of the futv plain, pn'sen^ing a face to the direct 
autton of the hot cuiTent of the furnace. Assuming the orilices 
of the tnbea occu|iy one-fourth of the gross area of tbe face platt-, 
tlie practical heat- transmitting portion will be the remaining 
l^lhree-fourths. 

^^H" * Hitlierto the &ce plocu has heen regarded as a a mere nje- 
^^Knical contrivance by which the tubes were held in their places, 
^^^V preserving certain distances between them to enable the wntet- 
^^R surround them. 

" ' Strange to say, no idea whatever appears to have been en- 
tert^iined that the face plates had any heat-transniitling or ^teiuii 
senerativa property of Ifieif own.' 

"'o many of our reatlera the term/ttce plate will be new and 

at a distinct meaning. We may therefore here say, that 

B atithor'a faee plate means that side of the lire box of a boik-r 

I locomotive construction through which one end of the 

bvB pMses, 

f" In Mr. WiUiams' strict sense it is only that portion of the 
forming this side of the interior of the fire box which is 
t out by the perforations for the ends of the tnbea. It is, 
rfore, the unperforatod surface of the tube plate of the fire 
We may therefore at once dispose of the sin of omission 
d against locomotive and other engineers by dcclaiing it 
■ply a mare's nest. 

T^It is not a fact that ani/ ^wi-i of thv inimiar mrface of fira 

E iit loccnjolive boilers has heen unnoticed and unappreciated 

We could point to scores of examples, were it 

support the universal cognizance of all those en- 

[lioniug such boiltuf?, jirovlag tbat ull parts o'i "Ofta 
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interinr of the fim box, every square inch of ite eurface, is g 
always haa been habitually taken into calculation and its effc 
illowod for; and hence this tube plat*, or face plate, as W 
WilliamB is pleased to call it, as a matter of course, included. 

" AUhoi^h he does not say ao in words, Mr. WilliamB ia ob 
viously nf opinion that this face plate does nearly all the worl 
of the whole fire box ; or, to be strict, so as to avoid injuetdoe; 
111? distinctly infers that each square foot of interior surfuw o 
this face plate (at a given level in the fire) is vastly a ~ 

tive than any equal area of any other of the three sides of tha 
lire box, or of its roof. 

" ' We here at once recognise the cause of the great f 
generative power of the single face plate in each locomotive 
namely, the almost electric rapidity of the draught in the chim 
ney, producing a correspondent increase in the force with wbtcb 
the heated current strikes that plate.' " 

After drawing attention to wliat the writer of the notice calla 
" fallacies " respecting the tubular boiler as propounded by Mr. 
Williams — he thus proceeds to detail what wo may call the '" diets'* 
respecting tbem. " From, at least the year 1834, if not earlier, the 
fact was clearly ascertained and recognised that unit for unit irf 
surface, the lire box was greatly more efficient in passing heat intO' 
the water than the tubes. It is so for many reasons, mainly be- 
cause the receptive snifawis of the fire box are, as respects radiatioit 
from the incandescent fuel, much nearer to particles at the high- 
est temperature than any other part of the boiler, and the effeofc 
of radiation ia greater inversely as the square of the distance, and' 
as respects conduelioa, because the plates are here in actual c 
tact with white hot coke. 

"It has also never admitted of a question, on the part of any 
competent engineer, that as respects convection, each square iAolt^ 
of the various parts of the interior of the fire box is more effec- 
tive, ia proportion as a larger volume of gases, heated to a giveo^ 
temperature, passes it by or reaches it in whatever direction in A 
given time. From this lost it is no doubt true, that all that 
part of the fire box towaida which the heated gases of the firs 
Older to enter the tubes, must have more heat brought to 
given time than to the opposite parts nearer the fire 
door. Sut that is allj and does cot specially or aoMj b.-5^1y to 
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the tube plate (or iace plate of Mi'. 'Williams) ; it ia equally true, 
pro tanlo, of the roof of the lire box. 

" To jump to the conclusion from this, that the tube plate does 
all or nearly the whole of the work of the whole interior of the 
tire box, ia simply nonsenae. To endeavour to BUstaio auch a 
notion by misinterpreted espetimenta and ill -understood physics, 
is to indicate an incapacity for dealing with such questions at all. 

"The comparative small efficiency of tbe tubes, again, has been 
for years fully recognised and underBtood, It mainly arises from 
the facta, hrst, that the temperature of the purticlea of the radiat- 
ing streams of heated gaaea swept through them, is greatly below 
that of those particles while in the fire box (where they ore robbed 
of much of their heat); and, secondly, that the draught ia 
obliged to be so sharp, in order to maintain the high tempemture 
of the fire, that there is not tirne enough during the transit 
through tubes of ordinary length for the gases to radiate all or 
even the greater part of their lieat. 

" This is proved by the tremendous temperature of the amoks 
box and even the top of the funnel of every locomotive ; and, to 
any aane man, this fact is an argument cogent and inexjiugoahlu 
fur lengthening out the tubes, so aa with the same velocity of 
draught to give more time for radiation within the tubes. 

"And here comes in the secoad and moat extraordinary error 
— namely, that only the first few inches nf the tubes are of any 
use whatever, and that iu place of lengthening we ahould shorten 
them, 

" To put in its ti-ue light this fallacy, we need do no mure 
than reproduce here Mr. Williama' own first experiment. He 
had a boiler constructed in which a faseiculus of tabes 5 feet in 
total length was separated by plates at intervals, so that, as he 
says, ' the heat-transmitting value of each lineal foot of the tube 
would be indicated.' The compartment nejjt to the facf jdate 
waa only one inch in length, the second was 10 inches in length, 
and the four subsequent oues were 12 inches in length eacli. 
After three hours' work, the following quantities of water had 
been evaporated — from 
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Coiupartmeot No, 3 (10 iachos long) . . ] 14 

Do. No. 4(12 „) . 16 

Do. No. 5 (12 „ ' ) . 1 2 

Do. No. 6 (12 „ ) . 11 

We take it that every one will see that the first compartment o 
I inch long is in reality not that of an inch of tubes only, bat q 
» face plate or tube plate Burfaco also. In fact, the heat takei 
up by the relatively large mass of metal in the tube plate nex 
" e is rapidly given up to the water in contact with it am 
the first inch of tnbe. And were it worth while to expend 
'[1 further quotation we have proof in the facts given how muel 
in this first compaitiijent the action of tube and tube plate ai 
onfoundsd. 

" We shall pass by also, what most persons will perceive, thi 
horizontal tubes thus diaphragmed off into a number of t 
chambers are no longer in the same, or in aa favourable 
tion, as in an ordinaj^ boiler whem the water -U/ree to et.re\ 
in all directions, and to eweep along the tubes from the cooler 
their hotter end, in the reverse direction to the current of " 
gases passing through them." 

4. The Harrison Boiler. — In par. 3, p. 3, of our volume ft 

1864, we gave a detailed description of this form of boiler, i 

which the use of cast-iron spheres is the distinguishing feature 

Of the strength of these we oflered a few remarks ; and we noi 

supplement them by information communicated to the Editor c 

the " Scientific American," by the inventor, who resides in, and L 

wo believe, a native o^ Amerilca. " I wish to say a word in k 

< gard to the ttrength ai this boiler. In making many experv 

ments to test the bursting strength of the spheres under bydiaa 

lie pressure, no sound casting ever gave way under ftftt 

dred pounds to the square inch ; it was not unusual for them 

resist two (hoiisand pounds, and this, ton, when made of iron 

o greater strength than the best brands of Scotch pig metal 

r & practical experience of several years with boilers varying 

( 6 to 200 hoiBO power, explosions have never happened u 

|. any circumstances, Exti'eme pressure will open its joints befOTB 

I any thing gives way, thus making each joint a safety valve. 

I cracked sphere may produce a leak, but a boiler under pressnro 

a never been auddenly emptied from s\iu\i a ca.\LBB. l-aeXwaocq 
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have once or twiue occurred wliere a cracked sphere has bce7i 
continued for Bome time after tbe fracture was diecovered, with 
no troublesome conscc^ueuces from the leakage, and no necessity 
for instant repairs. 

" There have been but four fractures of spheres in al! the boilers 
mentioned in the advertisement now in your journal, and in every 
case these could be fairly traced to special causes not connected 
with pressure. In my experience with this boiler, several have 
been burnt, or, in other words, rendered unfit for service for tiie 
moment by overheatiiig after the water had fallen too low. The 
result in such case is obvious; spheres with no water inside ond 
intense heat outside, are soon heated to redness and warped so 
much that the integrity of the joints ia destroyed, causing the 
boiler at the injured parts to leak hadly, bnt nothing like an ex- 
plosion occurs. With great faoiUty and little cost of time or 
money, tbe injured parts, in such a case, can be taken out and 
replaced by new oues, without even the ase of highly-skilled 
workmen, after which the boiler is as good as before the accident. 
Some of these boilers are working daily at 180 pounds pressure 
to the square inch; and a good evidence of their value is shown 
in the fact that several parties, who have used the boiler longest 
in this country, have already in use, or have sent mo orders tor, 
a second one. 

" With this boiler on oiu- Western steamboats, to which it can 
be easily adapted, such wholeaale destruction of human life as 
took place on the Sultana a few days ago, cannot poembli/ occur.'' 

5. Rotatory Boiler. — This — which is the invention of Mr. 
Henry Brown of St Petersbui^ — takes us in quite a new direc- 
tion in the novelties of steam boilers. According to an article in 
the "Practical Mechanioa' Journal" — under date Oct. Ist, 1865 
— and which is illustrated by a plate, the main object aimed at 
by the inventor in bringing out this novel tbrm of boOer is "the 
augmenting of the heating furnace, economizing fuel, and super- 

I heating or drying of the steam. In this boiler no stays are re- 
quired, as from the peculiarity of its construction it forms its 
own stays, and is jwrhaps the strongest sliape that can be given 
k to a boiler, whilst it occupies a small space in comparison with 
I boilers of other constructtona and of equal power. The boilec ^H 
L (a) ia of a cylindrical form, with spherical ends, lb Ka vadaee^^f 

■L / ^M 
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in a metal Cflsing (b), which ia lined with fire-hricka at the im 
torn part of the casing, and under Ihe boilers are placed two ft 
the furnace doora (o o), (of which there are four), a 
placed on one side of the <:asiiig. Between the boiler and ti 
brick casing there is left a space for enabling the flantes and he 
from the furnaces to play entirely round the boiler. The 

two oaet-iron hollow necks (d n), each neck hsTis 
ring (b), keyed on to it, and turned true, and on these riii( 
the boiler revolves. The rings (b b) work in chairs (f f), whio 
brackets (q q), fastened to each end of the outer caaii 
(d). The ring (e), at the end by which the boiler is rotated h 
a toothed rim (e'), cast on it which projects beyond the a 
Into this tooth rim or wonn wheel an ondlesa screw (f') h 
the shaft of which is supported in bearings attached to the u 
per gland of the chair ; this shaft is to be driven by a small e 
gine that is required for feeding the boUer. Through one of tl 
necks (d) passes a tube (b), which forms the flue by which th 
jke passes off to the chimney (i). In the neck at the o 
I end of the boiler is placed the ateam pipe (j), which pf 
through a stufling box in the neck. That part of the pipe whidi 
passes through the stuffing box is enlai^ed, and the steam chan 
nel placed ecoentrioally in it, ao as to leave room for placing th« 
feed pipe (e), under the steam pipe. Inside the boiler the steant 
pijie is carried up towards the top, and the feed pipe towards the 
bottonj of the boiler. Through the centre of the steam pipe, a 
through a stuffing box is passed a small rod (a), fitted with i 
lever (b), on the end inside the boiler, to which is attached ■ 
hollow metal float (c), resting on the surface of the water ii 
boiler. To the other end of the rod outside the boiler is fitted, 
a iever (d), with pointer and index (a). As the water in tha- 
boiler rises or falls so will the float, and therefore the position 
the handle outside will show the height of water in the boiler. 
Should the rod stick or work tight in the stuffing-bos, by tum.- 
ing the handle (d), the float will he pressed into the water so 
Ilial LIic attpnditnt cnn fee! the surface of it in the boiler. ~ 
tliB end of the steam pipe outside the boiler ia fitted a vertical 
pipe (l), which has in the middle of its length an eye (l), a 
rately bored out to fit the turned end of the steam pipe (j). The 
aetal oi ^e eyo is cut through or split on one aide, OLnd. \Xv« «i^«' 
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of the vertical pipe (l), is alipped on to the steam pipe (j), twn 
cramps ot ulips being placed oa the eye of the vertical pipu (l), 
which are screwed up hy four bolta, by which the steam pipe 
(j) is clipped fast. The lower end of the vertical pipe (l) ia 
bolted to a flange projecting from the nhair (f), above wferred 
to, and keeps the steam pipe (j) from turning round as the boiler 
revolves. An aperture ia made in the steam pipe (i), to corre- 
spond with the aperture in the vertical pipe (l), for the steam to 
paaa. On the top end of the vertical pipe (l), are placed two 
safety valves (h m), and a neck (k) is provided, to wluch a pipe 
is to be litted for carrying the steam to the en^iine. On the ver- 
*tica] pipe (l), the steam pressure gauges can be fitted. The top 
and bottom parts of the chairs (y), in which the boiler revolves 
have a flange cast on them, which is bolted to the casing to pre- 
vent any cold air entering through the space that is left round 
the necks (d) on the boiler. The chairs are cast hollow, and 
water flows through them by means of the pipes {it tt), to keep 
tbem cooL At the smoke end of the boiler, between the! chair 
and the chimney, is placed a damper (o), the frame of which is 
fastened both to the chimney and chair. 

" The top of the outside casing has several openings (p p), 
which are closed by caps hung by levers to a shaft (r), which 
runs along the top of the casing, supported by brackets fastened 
to the casing. One of the levers is made with a long arm to 
which is hung a chain or rod, by which the caps are lifted otf 
the openings. The use of these openings is to prevent the top 
part of the boiler being overheated, should the revolution of the 
boiler be arrested for a time. By lifting the caps cold air will 
msh on to the top part of the boiler and cool it down; it will 
also check the draft of the chimney, and damp the fire on the 
giBte. When the boiler ia at work the openings are closed, the 
cajB being made tight by means of a sand joint. The top pan 
of the casing takes off from the lower part, should the boiler re- 
quire to be eKamined ; there being an angle iron frame round 
the two halves of the casing, by which they are screwed together. 

" The inside of the cylindrical part of the boiler throughout 
the greater portion of its length ia divided into compartments by 
radial plates bent into a U-shape. Of these divisions there may 

number ; in the drawing seven of the muQ alLo^ax. "^^W m 



ENGINEERING FACTS, 



\piv. 



U'shapeil plftiea are placed radially inside the shell, and ba 
tween each ami of the U ie left a small space (h h h). Thi 
shell of the hoiler is cut through to correspond with these epooa 
(/i), which fonn slots running the length of tho cylindrical 
of the boiler. The lower part of the IJ-bent plates where 
meet together forms a hollow apace in the centre of the boilep 
this and the small spaces (h), above referred to, constitute tbi 
flues of the boiler, by which the smoke passes off to the chimney, 
"TJie upper amis of the U-p'^t^^ Qi>d their ends are flanged^ 
the flanges of the arms are riveted to the outside shell of th( 
boiler, and the end flanges have plates riveted to them, 
close up the email narrow spaces (A), between the smis of tlit 
U -plates. 

" The hollow part in the centre of the boiler ia closed at oik 
end by a plate, anil opens at the other end by the tube {h), infe 
the chimney. The flat surfaces of the U-bent plates are son) 
into cupa {g g), of which there are two on the radial and five on 
the longitudinal length of the plate. These ciipa are sunk to tt 
depth equal to half the space (/i), between the plates which 
the radial fluea. Thus when the plates are all litted together ii 
their places, the bottom of one cup rests on the inverted " 
of the one opposite, the cup ao placed serving instead of ataya 
to support the presauce of the steam. The apaces (i i) between 
the railial divisions are occupied by steam and water, the level 
of which latter should not be higher than the centre of the 
toiler, but may be lower. 

"The ends of tlie U-plates being flanged, as they dip and 
rise out of the water they will retain a quantity of water equal 
to the depth of the flange. As the plates rise into the vertical 
iwsition, this water will run olf one plate on to the opposite oi 
This will prevent the plates being burnt whilst they 
the water, and the water on these plaits will he flashed intol 
I steam, which coming in contact with the heated plates will b&" 
, come dried and superheated." 

6. On the varwui fonne of Bnilere, the "Mechanics' Ma- 
I gaane," under date Feb. 34th, 1865, has a leading article, from 
, which we take the following extracts. After referring to the 
■ " waggon boiler," generally used in the early days of the steam 
■ i and of which the writer remarkB, tbaX 
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is Goncemed, " we have not at tha preBcnt time its superior in 
shape," he proceede to describe the cylindrical boiler with tigg 
enda, the introduction of which wae, he says, a step la the right 
direction, so far as strength was concerned. The writer then 
passes on to the internal flued Cornish boiler with flat ends ; 
characterising this as "the beet of its class for general purposes" 
On the question of flat, as against semicircular, or, as wo should 
say, 60 mi-spherical ends, the following remarkd are given: — 

" Those of the flat shape admit of more heatiog surface, and the 
curved ends lessen the capacity of the boiler in a given length 
Etnd diameter. There is, however, no disputing its superior 
strength to that of the flat kind. The construction of cylindrical 
boilers is a subject of the highest importance. The stays for 
strengthening the ends are often improperly situated, particularly 
when angle or T iron is used. In no case whatever' should the 
end stays be connected to the internal flue or flues. Such a 
practice is conducive to the fact of strengthening one portion at 
the cost of weakening the other. Tlie ends, if properly stayed, 
should be connected by rods, one, two, or three in number, ac- 
oording to the area of the portion above the flue or flues. In 
cases where long and small internal flues are used, they should 
be supported by suspension stay rods, two or three between the 
extremities. For the purpose of cleansing the boiler the &ont 
end should be recessed at theljottom, to allow the mud-hole door 
being large, directly under the flu& This is preferable to setting 
the boiler slightly inclined towards the front end. Steam chests, 
on the top of cyhndrical hoUers, are of great advantt^e, and the 
only cause of their not being universally adopted is the extra 
cost in construction, it being remembered that its construction 
requires time, labour, and material, the two former more in pro- 
portion than that for the boiler itsel£ We advocate the use of 
steam chests universally ; it is essential for the production of 
dry and pure steam, and is a partial preventative of priming.'' 

The importance of a lapid raising of steam has always beeu 
recognised by engineers, and very numerous have been the at- 
tempts to arrange boilers to attain it economically. Of these 
attempts the article now before us gives some very interesting and 
Teij suggestive notes, 

J'4iL tim s^ai 1828 a cast-iron bollei was cnnal'c\ii!>\«&, e^%-«,u>^ 



3J ENGISEEEING fACTFS. [Dit. 

ill shape, thickness of the boikr about one inch, two feet i 
■ liameter, and about four feet in lengtL The idea was, tha 
instead of half filling the boiler with water, it should be i 
first, red-hot, and, from jets of water forced in at the end ce 
tmliy, the steam would be raised. It was, however, looked < 
as a ikUocy, and as dangerous in the extrome. Old people abod 
their heads and predicted the sudden disappearance of botb boil) 
and inventor after the first jet of water. Happily, science pn 
vailed over ignorance, and steam was quickly and safely produce 
amidst the sneers and fears of the doubtful, who are now adv( 
cates of the schema The inventor was, as is too often the cas 
in possesafon of more brains than capital, and thus this reall] 
valuable invention was lost sight of for a season. At the p 
sent time we have cast-iron boilers on the same principle as t! 
last referred to working with euccesa, with the addition of t 
steam chamber. The adoption of spherical portions of cast-iron 
connected together either by flanges, bolts and nuts, or long rod 
and nuts, dispensing with the flanges, has been used with n 
success. There is, however, this practical disadvantage: w 
connections are exposed to heated gases leakage is sure to a 
sooner or later, and more particularly with exposed or onevBI 
Hupfaoes. Consequently, in the multispherical boiler, the lon{ 
bolt connections are preferable to thoiio of flanges, and short bolfe 
and nuts. It must not be overlooked, however, that, in the o 
of a leakage, disarrangement of the surrounding parts must ens' 
to make good the defect. We now come to another feature 
this class of boilers, viz., superheating. One portion of tlu 
number of spheres is devoted to the water, and the upper o 
remaining portion contains the steam, it being understood that 
both areentirely subject to the evaporating powers of the fuel u 
Stop-cocks or valves are sometimes introduceil, so that, in 
case of fracture or leakage, the defective part can be rendered 
non -communicative with that in working order. Now, it will bA 
seen by this description that the first example of cast-iron boileiai 
bears no resemblance to the present one. We have had ths 
opportunity, however, of inspecting a jet boiler at present at 
wotk with much success. A series of pipes forming a 
laid in a brick fire-place of suitable constructiou and arrangement 
o/ Bac^ a jet of water is forced in ^ •'nd, and B\£a.iQ. ^a ix 
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mediately geDerated and superheated ere it reaches the opposite 
extremity. A sieiim case or receiver admits the steam in a iiighly 
dry or purified state. The arrftngement is more eiiuple than tbs 
luuitiapherical mode, on account of the lesaer number of con- 
nectionaj at the same time the steam can be generated quicker. 
The dangers to be feared from the water being too low in the 
boiler, in this last example ate entirely dispensed with, for when 
the engine ceases to require steam, the boiler has ceased to gene- 
rate it. There is not the least doubt that this is the better mode 
of arrangement for boilers of the material and class we are now 
commenting on. It must be remembered, however, that in cast- 
iron boilers great care is required ia construction. Cast-iron 
pipes, when broken, often expose the shpi>ing of the core, so that 
one side is twice the thickness of that opposite ; now, for a boiler, 
whether the water is in a body or is supplied in jeta, this defect 
would be of importance. The contraction and expansion of the 
meto! would also be unequal, and thus greatly deteriorate the 
strength of the apparatus. We are aware that the moulders of 
the present day ate fully capable of sustaining the cores strictly 
central, but that does not alter our belief that defects may some- 
timea occur and be discovered too late. It is also well known 
that tho corrosion of cast-iron ia not so rapid as that of the 
wrotight material- neither are conttactiou and expansion so fully 
developed in the former as in the latter. These practical facts 
are, of coutae, in favour of cast-iron and its more general adoption, 
and we advocate its use for small boilers, hut witii careful eoa- 
stniction and arrangement. 

"Withreferenceto the jet system one great fact must be noticed, 
viz., a small quantity of steam is generateil at once and at t)ie 
same time dispensed mth into the receiver; a self-acting valva 
might be introduced with great advantage to prevent the return 
of the steam into the generator. Having considered cast-iron 
boilers and their apphcations, we will return to those of wiwught- 
iron, Small boilers, requiring no setting in brickwork, are usually 
vertical for stationary purposas. The flues are often corrugated 
to present an increase of heating surface in proportion to the 
space occupied ; in other cases tubes are introduced to gain the 
desideratum ; we have also known vertical flues in opposite direc- 
a {th»t i^ up and down^ to distribute the &ama 'fli^V ai 
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toge. The email tabss within each other, or double tubolai 
Bystora, is correct in theory, but haa often failed in practice. If 
has been prtived that, to renew or cleanse the tubes, uecesaitates 
the entire disamingoraent of the boiler. The iDternal aur" 
of the larger tubea, and the external of the smaller, are almost 
inaccessible foe scraping or cleansing, which operations are 
ducive to econoraj. This proves that eimplici^ of arrangement 
and accessibility for repair are the principal features of boiler^ 
and esiat in the Cornish boiler to which we have advertetti 
Hakers of boilers for portable agricultural engines are Qndoabt< 
edly improving their priiioiplos of construction; vre find tb( 
consumption of fuel rapidly decreasing, but much yet remains hj 
be done ere perfection is attained. There is undoubtedly a great 
waste of caloric in the direct tubular arrangement unless a gre 
length of tube surface be resorted to, and the side return tubal 
arrangement greatly reduces the draught, but with the great di 
advantage of two smoke boxes and an increase of boiler spat 
There ia no reason why the fire grate and box should not i 
under the top row of tubes, the lower or bottom row being 
shorter than that of the top ; the fiame passing through tin 
shorter tubes would ascend, pass through the top row, and thenct 
through the chimney. This may seem complicated, but in piag; 
tice it would not bo found to be so ; this arrangement has 
the advant^e of an increase of heating surface gained in a small 
space, with tbe same accessibifity for repair as the ordinary 
langeraent." 

7. Smal.l Boilers. — A great help to the realization of economj 
in the working of boilers — and we may add of safety alsc 
having abundance of steam room, or rather general capacity, "Wf 
have met with many instances in practice of the value of thu 
plan of working steam boilers, and in a recent number of thA 
" Scientific American," we find the following corroboration of ' 
" A most striking example of the utility of laige boilers and t 
assertions here made was noticed by us some years ago in a £ao« 
toty. Tbe proprietor of it had a small steam engine driven by a 
boiler large enough for two such engines. That boiler actualljl 
used less coal than one half its size tor the same work ; thi 
_ once made in the morning burnt slowly through the day. Once 
or twiee Snug was all that was necessary, and tb>2 JLuaiB'^eTy 
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tiiiiially ajar. Tho sluggish combuation was accelerated wlieii 
new fuel waa added by closing them for a few miuutea. At night 
the firea were batLked, remained so all nigtit, and hidf an hour 
before work commenced they were ready for work. No kinJlinga 
were used from one week's and to the other, except to start the 
fire on Monday morning ; no coal was burned to heat cold water 
every morning ; no fuel waa wasted, for it slowly roasted away to 
ashes, and the huraing gasea riaing slowly through the flues and 
heating sm^aces remained in contact with them and gave forth 
their utmoEt value, 

" Half, if not more, of the miraculous economy claimed for 
cut-offs for engines with peculiar pistons ; for valves with crooked 
openings instead of straight ; for valves with three-fourth stems 
instead of seven-eighths, arises solely from their engines having 
ewplus boiler power, wherein the coal is thoroughly burnt ; where 
every ounce is reduced to ashea — not consohdated to cinder — and 
where the heat, instead of hetng disciiargeil at the smokestack as 
soon as generated, ia utilized in turning water into steam." 

In a leading article in the "Engineer," under date Juiy 21st, 
1835 — tl)e same subject is also taken up and discussed. Of this 
we give the foUowing abstract. The article commences by pointing 
out the difficulties attendant upon the introduction of motive 
powers requiring large-sized parts, and of the importance of com- 
pressing as much engine power into as small a size as possible ; 
and thereafter proceeds to the consideration of the size of the 
boiler—drawing attention to the reasons — more especially in 
force in crowded cities — why boilers are crushed into the small- 
est of space, and their capacity of course proportionally reduced. 
" Turn where we will," says the writer, " indeed, in cities we find 
space at a premium, and boilers of the most abnormal designs 
taxed to twice their legitimate powers, habitually employed by 
those who know not which way to turn in order to obtain more 
power. If this be the case on land, matters are even worse at 
aea. A sliip's boilers absorb the greater part of the most valu- 
able space on board. Portable engines of all kinds, and possibly 
locomotives, would gain by a reduction in the dimensions of the 
generators fi^sm which they derive their power. Ha man has 
yet ventured to say how small a boiler can he made to suffice 
.jgr the performance of a, given duty, and it b 'woi^ vV^ vi 
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questdoB the wiBdom of the policy which at preaent guidea tli 
great maaa of boilei' makers, or rathsT deeignera, on their way. 

■' The dimenaions of a boiler are mainly determined by th 
amount of heating surface which it niost possess, and by f 
arrangement of that surliice. It is quite possible to produce I 
boiler every portion of the suriace of which shall be directly o 
indirectly exposed to the action of the furnace ; but it would b 
inconvenient, and, therefore, that portion of a hoUer — the shell, li 
feet — not heating surface exerts a certain influence more or les 
subordinate. We shall not be far from, the truth if we assume tbs 
the principal factor of size is the heating surface, and this, after aU, 
determines bulk j ust as it is disposed. We may spread it out ov 
acres of iron plate, or we may compress it into the shape of a ft 
thousand tubes packed in a box. It is heating surface still, ai 
we have nothing to prove that it is less efficient in the one fbrra 
than in the other. Flue boilers make steam very well, 6 
tubular boilers ; hut flue hoilera occupy much more space, and 
it is very far from being certain that they give any equivalent 
return tor what may be a very expensive commodity. 

" We (ind, again, that boilers possessing the same heating siu- 
face may present a vast disparity in efficiency, according to th 
temperature to which the surface is exposed. This temperatui 
may depend either on the quality of the fuel, or on 
in which it is burned, aud certain conditions being present, it ii 
certain that economy may be secured as well in the locomotiw 
burning 100 lb. of eoai per square foot of grate per hour, as ii 
the Cornish boiler, burning but 4 lb. The efficiency of beatinj 
Burikce is measured by the diiference between the temperatnm 
at opposite sides of the platea. As these approximate, sur&eS 
must he extended; as they depart from each other, it may b 
contracted ; and thus it is that the mere size is not necessaril} 
conducive to economy. In order, however, that a boilet workii^ 
at high furnace temperatures may be at once effective and ecouo? 
mical, it is indispensable that the circulation within should 
be very perfect. It is of no uae to impart a high temperature 
to a plate nnless water is present in quantity to take it up and 
convert it into power. There can be no tioiibt that this is the 
weak point of modem boiler engineering. Many of our locomo- 
tives are jjositively injured in tha attempt to inoYeoao VieaJiuM^ 
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gurface at tlie expense of cirenlation, and Mr. D. K Ciark de- 
serves the thanks of the profession for the persistency with which 
be has pointed nnt that heating surface is one thing, evaporative 
efidency quite another. 

" In order to produce a small laud boiler which shall supply 
Uie want which esiats in all great mannfacluring towns, it is in- 
dispensahle that means be provided for burning a large quantity 
of coal per foot of grate^ — ^in other words, for producing a very 
high fiirnaee temperature — and a good arrangement of surfnee 
for absorbing the heat developed. Flue surface is obviously out 
of the question — it takes up too mnch room. Tubes must be 
employed, and the manner <if their disposition remains an open 
qoeeliou. We are disposed to favoar the "tuhulous" or water- 
tube arrangement. Properly contrived boilers of this description 
"uffHT leas from scale than any others, because they are blessed 
with a. nearly perfect circulation. The manner of scouring this 
MMulntion — of producing a good tubulous boiler, in fact— long 
presented & problem which has hardly yet been completely solved. 
Enough has been done, however, to prove that a boiler may be 
nwle with water within the tubes which shall be equally efUcient, 
•nd yet much smaller than a boiler with the water without and 
lbs heated gases within. Years ago Dr. Aibau made a very good 
boiler in which the water entered and the steam escaped from 
the tubes at the same end but at difl'erent levels, suitable plates 
bidag introduced to keep them diatiuet. More recently, Mr. 
Dickeieon, of New York, has completed a set of water-tube boil- 
«m for the Idaho — n stejimer the engines of which present much 
that is new, and a great deal that is good. In these boilers the 
prominent novelty lies in the steeply inclined position of the 
liibe.9 — 2 in. to the foot, or thereabouts — which debouch at each 
eod into a water space, down which on the one side the water 
tantly descends, while the steam rises at the other. These 
s have already been tested, we understand, with the ut- 
cess, and theoretically speaking they are appai'sntly as 
wly perfect in design as boilers can be. Then we have the 
" " " ' boiler, so called from the inventor, in which the water 
are vertical, and hang ovei' the fiiriiaco. The descending 
I of water is guided to the bottom of the exteinti U\\« 'o^ 
iijJ^smaUer diameter, ^\ac«i 
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it, and readung nearly to the bottom. Sncli a device baa bet 
tried before now without success ; but success in boiler engines 
ing, as in most other things, depends on trifles. The origtnj 
boilers made years and years ago, failed becnase the a 
current drove away the water which would &in have descendeil 
the tubes boiled dry, and were burned out. Mr, Field appeal 
a trumpet mouth to the inner tube, and thereby deflects tT 
asoendii^ current at the adjutage of the external tube, and tl 
water is left tree to descend from above and take tbe place i 
that evaporated below. This boiler should be good because tb 
circulation is thorough ; and we believe that, on. tbe compax 
lively small scale on which it has as yet been tried, it has give 
much satisfaction. Day by day we find, indeed, that more att«9l 
tion is being given to the production of small boilers. It is n 
too much to say that the principal builders of steam fire engins 
in the metropolis have aided the cause materially ; and when yi 
And that Messrs. Shand and Mason have turned out a boili 
weighing under one ton, which has developed not less than 32-3 
indicated horsepower without expansion, we have good reason i 
hope that the day is not distant when dwellers in cities will fin 
no diflicultj in stowing away the motive power of their faaboiif 
and workshops." 

8. On the Materials employed in the Construction o/Boilera.- 
In p. 73 of our first voL (Facts and Figures for 1863) we ga 
some remarks on tbe use of "steel," and in par. 9, p. 3S, of c 
second vol. (Facte and Figures for 1864), others on the use 
" cast-iron." We now supplement these by an article from th 
"Scientific American," under date, August 12th, 1865. 
describing the attempts made by Mr. Roper of Boston to reduo 
the weight and size of steam carriages, the article proceeds t 
describe the "boiler." "The shell is 30 inches long and 15 incht 
diameter. It is a vertical, tubular boiler with an internal f 
box, and the tubes are 10 inches long by-^ths diameter, "] 
shell, as well as the tubes, is made of steel, and it is in the employ 
nient of this material that Mr. Eoper has been able to reduce t" 
weight, and not only maintain but increase the evaporative efft 
ciency of his boiler. The shell is ^l.h of an inch tliick, whilt 
the tubes are only ,^tb. With this boiler st " ' 
/J3 e^Iit or ten nihiutes, and it ia ca paUeoiX; 

1 ^ 
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90 pounds per equate inch with entire safety. It suppliGB all 
the steam necessary foi the two cyUjidera, and propels the car- 
riage eight or nine miles an hour vithoiit auy diiSculty, 

" In this machiae we have one of the most novel Bteam bailers 
ever made. .And it ia a matter fur earnest consideration whether, 
in the employment of cast steel for steam boilers, we may not 
ouly greatly increase the strength and reduce the weight, but aldo 
add to the economy of the apparatus, by £icilitiittng the trana- 
raissioa of heat. To use a homely illustration, a thin tea kettle 
boils more quickly than a thick one ; and, for the same reason, 
steam boilers with unnecessary heavy flues, flue sheets, fire-box 
vails and furnace crowns, transmit le^s heat than lighter ones. 
The ouly danger to be apprehended in departing from the esta- 
blished time-honoured rules and precedents in this case, is in 
weakening the structure. An example of what a thin iron flue 
is capable of sustaiuing, was shown in Lee and Larueil's steuni 
fire-engine Niagara. This steamer had a large vertical boiler, 
the tubes in which were but T^o-th of an inch in thickness and 
Ij inch diameter, by some four feet long. We have repeatedly 
seen 2iO pouada to the square inch on this boiler, or others with 
tubea no larger or thicker. Some of the tubes were occasionally 
collapsed so flat, however, that neither steam nor water could 
pass through them. These were dmwn iron tubes ; but if steel 
had been employed tbey would not have failed, because the latter 
metal has a higher tensile strength. 

"Another lesson on the value of good workmanship is given 
by Eoper's boiler. To bear the pressure required of them, the 
tubes must necessarily be small in diameter. They were, there- 
fiwe, all drilled and turned, and were thus homogeneous through- 
out. Such a method of making a steam boiler is, of course, ex- 
pensive ; but if the evaporative efficiency is increased thereby, 
as it is, it ia only a question of first cost, for the money returns 
in the future by the fuel saved. 

" The rapidity with which heat is transferred from one sub- 
stance to another is directly in proportion to the difference of 
temperature between them. 

"The conducting power of steel is lower than that of i 
the former being, according to experiment made by Weiden 
aud Franz, 224 ; while steel is but 218. But thia i 
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sn small aa to be of iio moment, and is irliollj iiuLlilied wb 
the teosionail strength of the two metals is considered ; for, 1 
titking advantage of the superior virtue of steel we can mabs 
structure much lighter of it, for a given strength. Moreover, 
a cast-steel boiler, the rapidity with which heat wonld be tTBi 
mitted through the thin walls would be less likely to bum ti 
exposed parte — the tube, aheet and fire box urown — than in ti 
comparatively slow action of thick iron plates. 

" Very many persons confound utrength with weight, aJid si 
poae that, because a nauber of pounds of material are added : 
a certain part, a corresponding increase of strength is obi 
Nowhere do we find this more prominently illustrated than { 
steam boilers ; too often the essential points of safety are ni 
glected, while those which bear no strain are heavy in the a 

" It is, therefore, with a view to promote the efficiency of stea 
apparatus and economy in its use that we suggest further exp« 
ments in this direction. Cast-steel of fine texture, veil liveli 
and annealed very low, would seem, from the experimont 4 
Roper, capable of sustaining great pressure. We doubt - if 
boiler SOxlfi inehes was ever made which furnished so 
steam, or was capable of evaporating so much water in propciti* 
to its size, as this one. If, by a corrcspouding increase in t 
thickness of the plates and the external dimensions, boilers c 
he built of proportionate strength, a great economy of apw 
would result in sea-going sliips." 

9. The form of Marine Boilers. — In an article by Mr. N. 1 
Burgh, in the "Mechanics' Magazine," — under date March 3 
1865, — much valuable information is given on the above aa 
ject; of this we give the following abstract. After pointing tr 
thal^ although much has been done of late years to improve marii 
boilers, still there is ample room for farther improvements bein 
introduced; the writer proceeds to classify boilers of this c 
into two eiib-classes, "high,"- — this class being used in commri 
cial steam, and " low," — this being used in the war steam veseftl 
The shape of the boiler is much influenced by that of the hut 
but generally the form used is the " square-shaped shell,'' th 
cyUndrical being use<l but rarely, except for gun boats or bargei 
As re^rds strength, the dylindrical ia EwpeiicK to ftie sj^ww, d 
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* After Dundry remarks upon the heating surfncea of marine boilers 
till) writer proceeds to deBoiibe the "peculiar forms" as at pre- 
sent used. " The high boiler, as well known, has the tubes di- 
rectly over each firo-box ; the combuatioa chamber being iu siime 
cases in one compartment and in others separate far each Bet of 
tubes, which is undoubtedly the better plan. 'When the com* 
bastion chamber extends tjie entire length of the tube space 
there ia a loss of water spaces and heating surfaces, and at the 
same time a difficulty in constructing tho connection of the fire- 
box with the chamber. Some makers have lately preferred the 
separate arrangement on account of its being the better for com- 
bustion and repair ; hut in the case of renewal of the tubed the 
chamber, when in one compartment, may be eaid to admit of 
more room for the operations of the workman. We have stated 
that the portion of the boiler below the fire-grate is of httle or 
no Tise for evaporating purposes ; such being the case we often 
see Iwilers with the water spaces between the fire-boxes at the 
sides and that at the bottom dispensed with. There may be ob- 
jections to this arrangement on the ground that the space, when 
exending over the entire bottom of the boiler, acts as a recep- 
tacle for the sediment, whereas, when the spaces are at the sides 
only, the sediment collecting thereat may be the means of de- 
stroying the fite-boxea by burning, corrosion, iftc When distilled 
water is used for the feed there need be no apprehension about 
the collection of the sediment ; but where river water is used 
in ite natural state, a constant collection accumnlates, requiring 
periodically to be blown out. As regards the fire-boxes of the 
boilers now in question, in many cases they are mode too low 
directly over the fuel Combustion requires space to commence 
its operations. As before stated, all gases have a tendency to 
ascend ; consequently, tliis should be ono of the natural laws the 
deeignnr of boilers should study as much as the space allowed 
will admit," 

ASter referring to the question of smoke consumption in marine 
boiler furnaces, the writer concludes with the following upon low 
boilem "Cylindrical boilers," ho says, "are not universaL Their 
gement is as follows : tho fire-box being in the front part 
t the boiler, and the tubes arranged beyond, similar to the pre- 
{am<;nt for locomotives, it is Decdlees aiVmna^ to ^AaiA 
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^H that tbere is a vraste of caloric in tliie amuigenient, unless boilei 
^B of an increased length are used. The next arrangenient i 
^B cylindrical boilers that has come under our notice is that la wbic 
^M the fire-box and the flue are extended the entire length of th 
H boiler, minus the combuation dumber ^ 

H oyer and partiaUy around the passage alluded to, the flame ant 
W , heated gases returning back to the smoke-box, directly over thdi 
lire end of the flue, or rather the front end of the boiler. Such 
an Rrrangeraent required au increase of area in the boiler trans- 
versely, to that of the former example, in order to preserve sufS- 
cient steam apace, vhich, be it remembered, should bo attended 
to in all cas 

9a. Marine Low Biiilere — Long and Short Tubes. — In tho 
"Mechanics' Magaisme," under date of April 14th, 1865, in a 
article on the above subject, there are some very suggestive w 
marks on the importance of "maintaining the position both at 
engines and boilers below water line." In another article (see 
preceding par. in the present section), the writer advocated the 
adoption of high boilers in vessels in preference to the low class; 
but of course in vessels only of sufficient tonnage to admit of tha 
boiler being below water line. la war vessels it is clearly of the 
utmost importance to have the boiler out of the reach of shotr 
" Low" boilers for vessels, as now 'used, are divided into classes, 
those with " direct " and those with return tubes. In J'ig. 3, a. fonn 
of low boiler is illustrated ; before describing this the writer d 
cusses the relative advantages of long and short tuhaa. " It baa 
boon practioally demonstrated that, when heated gases proceed 
with great velocity through short tubes, the temperature of the 
surface is much below that in those of greater length. The cauat 
for this is, of course, due to the time the flame or heated g 
mnifls in the tube. Take, for example, the heating department 
of a sugar factory, where, by a series of pipes or a worm ii 
stove, a great temperature can be maintained with economy. Also 
for refrigerators the long piping or tubing is superior to the 
shorter arrangement. Surface oondi'nsers afford practical i 

Idenoe that a long tube is preferable to a short one. Now, aa 
regards the diameter of the boiler tubes, we advocate 2^ in. aa tk 
minimum and 3 ia as a maximum. When reference was mads 
^ waiwg it mis not meant that that sha^ woitltlL \m a^lk»bli 
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for builei's. At jU'eaeiit we allude to builKr tubing ia reaputt of 
its action, not of its construction. lo this nrrangeinent (Fig. 3), 
it will be understood that the fire-boxea are at opposite ii.isitinns, 
eontwlly, of the transrer^ir anJion of tlie hoiliT. The flninc iii.d 
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healiud gast's paaa from the cotubustion chamber through the 
tiibea arranged on «ach side of tho fire-boxes, the return or exil 
being through the tubi>a at the eiiles of the boiler, and thence t< 
the smoke-box situated centrally of the eame. By this anangs 
meut simplicity of construction and repair ia attained, whilst tbi 
tubular surface ie doubled, with equal action and space. Anuthe; 
important gain is, that the flauie hiu to pass through four Mta o 
tubes ere it reachi^ the smoke-box ; the fiame also having ti 
spUt in the oombustion chamber, ia properly equalized in powe 
and draught The distribution of the heating surfaces and wala 
spaces within the shell of the mavine boUer (particularly the low 
is a matter of the greatest importance. We know of boQen 
where the crown of the fire-box is much above the upper row ol 
tubes ; such an arrangement imparts unequal evaporation ; henof 
the partial cause of priming, &i', ; there is also great danger tc 
the vital portion of the boiler in the ca^e of the water being tM 
low. It is not unusual to seu the gauge glass full one uinab 
and the next empty. The reasons for distributed and eqna 
heating surfaces are, therefore, apparent. As we have given I 
plan only of the boilers, it will be necessary to state that, in thi 
case of fig. 3, the repair or renewal of the tabes relating to thi 
smoke-box is efieoted by a door on its top, near to or at the to[ 
of the boiler, care being taken to allow sufficient space for th^ 
manipulation of the tools required. With reference to the a 
rangement of the stays, the advantages in the examples given a) 
equal, all tho parts assisting each other in relation to the pressiu 
imposed." 



10. jf7ie AppHimeeiii of Boilers and tlwir Pi-actinoL Miaiiiyit- 

I TnetU. — The reader will find in our vols, for 1863 and 1864, 

many valuable remarks in connection with this important d»-' 

partment of boiler engineering. An able article under the s 

e title of "Boiler Guardians," in the "Meclianics' Magazine," 
under date, April 14th, 1866, goes pwtty fully into the points 
connected with safity valves, and of which we here give ai 
stract. After pointing out that although groat attention has 
D /laid by inventors to thin class nC boilts 9.y\iUai\oiB, and th« 
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forms of apparatus iiittoilQced have many of tham presented 
rauoli that waa valuable ; nevertheless, with all that ingenuity has 
devised or "can devise, it baa not yet succeeded in producing such 
aiticlea as satisfy all the conditions required of them.'' Hut per- 
fect as auch appliances may be or are, it is obvious enough, as 
pointed out by the writer of the article, that rauch depends upon 
their msnageineat by those attendant upon the working of the 
boiler. Agaioat recklessness and roisiuanagement there is, and 
van be really, no mechanical preventative. We regret that space 
does not admit of oui leproduciug the excellent remarks of the 
writer on this point, and can therefore only refer the reader to 
the article itself, and ]aas on to the more immediate department 
of our remarks. The causes that bring about boiler explosions 
have been by a pretty widely extended experience shown to be 
two chieliy ; these are, "first, a pressure of steam exceeding that 
which the boiler is calciUated to withstand, and, next, a deficiency 
of water. The former is due to the safety-valve being inopera- 
tive, insoiBcient, or improperly tampered with ; the latter either 
to neglect and inattention on the part of the engineman, or to 
the usual fittings being out of working order. Deficieneij of 
water is the immediate cause of a great number of steam boiler 
explosions, and even where boilers do not explode they are otlen 
seriously injured irow this cause, and their term of ueefulneaa 
materially shortened. The primary cause of deficiency of water 
is evaporation, which leaves the naked plate to the action of the 
lire, thus weakening the boiler, the heated part being unable to 
stand the ordinary pressure. Deficiency of water has also oc- 
cmred from many other causes, such as the pumps getting oni of 
order, or from dirt finding its way into the valves and pipes, the 
engineman, too, being deceived by the sticking of the float wire, 
from wear in the packing, and, very frequently, from erroneous 
indications of the glass gauge caused by the stoppage of the 
thoroughfare to the boiler or the taps being tampered with. Li 
oases where gauge taps only have been in uae, the engineman 
has been deceived, when on opening the tap the water has primed 
and ome out even when deficient in its height in the boiler. 
Kow to remedy all these defects and to guard against mishap is 
llie province of the fittings under cousideratiun, but whet* dn 
' I fwt up to their requirements i As a rule, the; uuvucA. cu^^ 
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with all the exigencies ruferreil to, and were they to do 
is no guarantee fur tlieir elGciency if ignorance or wilfulness 
in and upset tLem, It ii» true anullier ^nmnlian has long 
added in the shaije of a fueible plug, which is supposed to 
infallible, iiiaamucli as it is beyond the reach of tamparing, 
ia BO oonatnicted and placed that its proper notion appears 
Bvitable. But the many explosions which have occurred wh( 
the fusible plug in adopted are a proof of its inefficiency, 
boilers are Rtted with a gauge of novel description, which 
of the interior of the boiler being seen while in actual w( 
This is accomplished by a glass eye-piece, the boiler being 
uiuiated by meana of a light shed through a lens which 
up the whole interior of the boiler, and shows the surface of 
water in ebullitioa But this, and all other contrivances, ~ 
ever iugenions, are of no use against carelessness or wilfiil 
As far as the apparatus is concerned the object is to have 
as possess neither spinjlea, guides, rubbing surfaces, 
liable to stick, and which cannot fail to indicate truly, _ 

to its iunctions, either the state of the steam pressure or of th« 
water level when the one or the other is in a condition from 
which damage may be apprehended, and which at the same time 
shall be so constructed and placed as to render abortive any at- 
tempts to tamper with them. If these conditions can be com- 
plied with in one instrument which is applicable both to steam 
and water purposes, an evident advantage must accrue. Hopkins 
son's compound safety-valve appears to answer these conditiona 
It comprises two distinct valves, a large 5^ in. diameter valve 
with Hat face and a spherical or ball-factd valve 3 in. diameter j 
the emajltr or ball valve seating upon the centre of the lai 
one. Tlie Ja^er valve is weighted by means of a lever 
ball, as in the common safety-valve ; there is an iron bridge 
cover casting which fits to it, and forma the centre for the 
pin to give pressure upon the valve enclosed. Beating upon 
centre of the large valve is the ball valve, which is weighted 
a dead weight inside the boiler, the dead weight being 
of cest-iron plates. When the steam exceeds the pressure 
II valve is weighted to, it escapes through the openings in 
i casting into tlie dome or shell, and out into the 
Vsoon as the ball valve lifts from its seat the 
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) one lifta tnia ita seat, and thus a double diauharge is giveu to 
the excessive steam. The feature here presented is of iiupoitancB, 
inasmuch as an opening or discharging area, equal to ordlnaiy 
safety-valve of 8^ ia diameter, is obtained. The valve cannot 
be weighted beyond its working pressure whilst the boiler b at 
work ; should aa attempt be made to weight the lever it would 
be useless, so long as the ball valve is there ; and even should 
the hall valve be weighted intentionally whilst the boiler is stand- 
ing for cleaning, &c, it may instantly be detected by placing the 
ball on the lever in its ordinary working place ; as, by getting 
up steam, such tamperings and their extent will he discovered 
by the marks on tbe lever ; when the boiler is at woric it defies 
any tamperings. The steam can be blown off as with any other 
valve. Ita next feature is an improved arrangement for noting 
the deficiency of water, for which purpose a lever is suspended 
in the boiler ; tbe rod which bears the weight for the ball valve 
passes through a large hole in the centre of this lever. On this 
rod is fixed a disc which is arranged so as to allow two lugs on 
the lever to come in contact with it. One end of the lever or 
beam suspended in the biiiler bears a large float, the opposite end 
having a. balance weight to counteract the buoyancy of the float 
when immersed in the water, and to keep the tip of the lever 
up against the under aide of the top of the boiler; the float ia 
immersed in the water to such a depth as is called low water 
mark. When the water begins to leave the float its weight acts 
npon the end of the lever, which turns upon a centre ; the lugs 
are brought into contact with the disc on the rod, and the valve 
ia raised from ita seat. Should the water atill get lower the 
valve continues to rise, and will do ao until the aapply brings it 
again to its proper height. Should the warning be disregarded 
tbe steam will be all discharged from the boiler, and wcplosioii 
rendered impossible. 

" This valve was designed to prevent the careless, the ignonuit, 
or the wanton, from causing either injury to the boiler, or boiler 
explosions, and from ita extensive use may be inferred its effi- 
ciency. But that it can bo, and soinetimea is, tampered with, 
proves the diftieulty of dealing with the cloaa of men just referred 
ta A case in point came nnder the notice of Mr. Longridge, 
who reports the examination of a boiler in whith i^ y 
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by calculation that a amall lever safety valve, witb vhiiAi 9 
provided, was loaded to 106 lbs. per square inch, although, M 
cording to the gauge, steam blew off freely at 62^ lbs. preeoa 
The owner disputed the accuracy of the calculations, and t 
parontly with Bome reason, inasmuch as ateam blew off at t 
same time from one of Hopkinaon's valves, with which the boOei 
■waa also provided, the pressure graduated on the lever being oalj 
60 lbs. per square inch. On subsequent examination, howeveij 
it was discovered that this valve was overloaded by extra wei^ta 
(tttached to the lever inside the boiler, and that the pressiutt 
gauge indicated 43 j lbs. less than the actual pressure. The extra 
weights had, of courEe, been attached unknown to the owner, an 
not improbably under the impression that the actual load on ti 
valve did not exceed that indicated by the gauge. This is only 
one of a number of similar incidents which form a striking coni^ 
ment on the pertinacity with which men will stick to bad babita, 
and show that engineering vices are as ineradicable as any otheis, 
and that if they cannot be indulged in openly they will be on 
the sly. 

" Another boiler guardian — and one to which this name has 
been given — ^was exhibited by Featlieratonhaugh and Wise, and 
received honourable mention, in the JEshibition, 1862. The 
contrivance is very simple, and its objects are — to regulate the 
action of the feed pump so that the water shell be maintained 
at a nearly uniform level ; to show the height of water in the 
boiler ; and, in case the water level falls below a certain line, to 
call attention to the fact by sounding an alarm. The apparatus 
consists of a copper float attached to a lever within the boiler, to 
which is connected a small gun-metal slide (working at the back 
of a dial plate outside the boiler), which rises and falls with the 
float, and, when the water level is slightly in excess of the mean 
height, opens a port whereby air or steam is admitted to the 
suction pipe or working barrel of the feed pump, thereby suspend- 
ing its action until the falling of the float shuts off the a' 
steam and causes a vacuum to be again formed in the pump, i 
But ij^ notwithstanding the shutting-otf of the air or steam, the 
pomp from any cause fails to act, the continued falling of the 
float and slide opens a port and admits steam to a whistle, which 
fit onee makes known the fact. The index neeAVe \b ■woiVsA^i') 
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means of a pin prtijecting forward from the face of the slide. The 
apparatua requires that only one small round hole should be 
made ia the boiler, and it can be affixed or removed iii a few 
minutes ; the feed pump connection consists simply of a small 
copper tube." Wo follow up these remarks by a few notes upon 
boiler appliances recently introduced. 

11. M. Garre'» dioptrical water-gauge. — "The distinguished la- 
bours," aaya a writer in the " Practical Mechanics' Journal," " of 
M. Carre, resulting in the aucoeasful completion of his ice pro- 
ducer, which occupied so important a position in the French de- 
partment of the International Exhibition, 1862, appear by no 
means concluded, for, with the view of ascertaining more per- 
fectly the level of the liquid employed in that apparatus, he haa 
devised a new form of gauge, the application of which is not, how- 
ever, confined to the ice producer especially. Its peculiar features 
especially adapt it as a substitute for the ordinary water-gauge of 
steam-boilers, the great disadvanges and anomaly of action belong- 
ing to which have been previously pointed out by the present 
writer in the " Practical Mechanics' Journal" 

" The gauge now under notice has been patented in this 
country, and maybe obtained from F. D. F, Leblanc, 102 Fleet 
Street, London. Its general arrangement may be briefly men- 
tioned thus: — In one modification the gauge-glass is enveloped 
in a metallic casing, in which a series of holes are perforated, the 
axis of any two opposite holes being exactly coincident. Although 
the use of a metallic casing as a protection for the glass tube 
against fracture from accidental blowp is by no means new — the 
writer having employed it many years since for this purpose — 
still, from the peculiar manner in which M. Carre has adapted 
it, it serves another very important purpose — dependent in com- 
bination with the tube, for the certaioty of making true observa- 
tions, upon a correct application of some of the principles and 
laws of optical science. 

" When the perforated casing and tube are combined, those 
portions of the tube visible through the perforations become a 
series of lenses, which when the tube is empty, produce the effect 
of a cylindrical lens, hut, when filled with water, it? prrwer is 
that of a bi-convex spherical lens. 
. " Ufon looking through the orifices, both a.ho\e ani tteXo's \Jftft 
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wuWr level, the sxiolly coincidout holes preheat two different s^ 
peamncea — ia the former case, the opposite holes appear elliptici 
in form, the main axis being situated vertically — whilst, in th 
Litter, they appear in their true afaupe, circular. There ore othe 
modi&cationa of this unique invention, but for general porposei 
the practical adaptability of that one to which lefsrence is madi 
oppiars to assign to it the moat deserving consideration, and oi 
account these remarks are confined to it alone. The objectiona t 
the ordiiiaty glaas tube water-gauge might almost assumi 
name of legion, the greatest of which is the impossibility of d« 
termining with certainty the true level of the water in the boile 
A boiler may be greatly too fall, still the gauge has been knowi 
in endless instances, to appear quite empty. On the other ham 
the gauge may indicate a full boiler, when iu reahty the ateai 
is low. 

" It is perfectly true that these objections are not altc^thi 

by the dioptrical gauge, for those constructive featora 

of ordinary gauges, causing the anomalous indica 

tion of water level — as pointed out in the previ 

ous article on this subject — are in it not removed 

and the writer ventures to believe that the peiitM 

is not very far distant when an ordinary plate 

glass of sufficient thickness to resist any casualty 

of over-pressure will be fixed into the boiler pro 

per, with suitable shntting-off apparatus, by f" 

adoption of which true indications of water lei 

most result, and any anomaly arising from t 

possibility of fracture would be entirely avoided.' 

In Fig. 4, we give a diagram of one form 
this water-gauge, in which A ia the hole over t 
empty part ; B, hole ovex the meniscus ; C, hoi 
over the full part. " A rather thick-sided glaa 
tube can be looked upon when empty, as a ct/lin 
'drieat letu, which is the double equivalent of 
apherical lens, scientifically tenaed in Trencli 
menisqtie concave or jieriaeopique concave ; wh' 
tilled with water, however, the glass tube geta 
i>B the equivalent of a hi-convex spherical loi 
From this it follows that the holea in the uosii 
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.ttppear, in the part containing no water, aiider tlie form of an 
ellipse, the major axis of which is parallel to the axis of the tube, 
while the portions full of water show a tranaverae ellipsft" 

12. Location of Steam Gauges and Indicators. — "A corre- 
spondent of the 'Scientific Anieriean' states that he has two atoam 
boilers connected by a pipe, wliich is furnished with a slop valve 
for closing the communication between the boilers. Ho recently 
had the valve closed, and found that the pressure in one boiler 
was 50 lb. to the square inch, and in the other 20 lb. On opening 
the valve the pressure immediately rose to G5 lb. It would he 
interesting to have further particulars in r^ard to this experi- 
TLeut, but with our present light we are inclined to attribute the 
surprising result to the location of the gauge in such a position 
that it was acted upon by the current of steam in its passage 
from the high pressure boiler to the lower. 

" The action of currents of steam, though familiar to engineers 
in other situations, seems to have been strangely overlooked in 
its effect upon gauges and indicators. Clark, in his most able 
the locomotive, status that repeated observations showed 
pressure to be greatur in the steam-chest than in the boiler ; 
that, from the carefuluess with which the obser- 
£, and the perfection of the instruments, it is as 
difficult to doubt the statement as it is to believe it. There may 
be difficulty in doubting tbe statement, hut to believe it is simply 
impossible. Steam will not flow from a vessel of lower pressure 
into a vessel of higher pressure. There must have been some 
error in the observation, and a very probable uauM of this was 
the location of the gauge in such position that it received the 
impact of tbe swiftly moving current of steam which rushes from 
the boiler into the steam-chest. Currents of steam may operate 
not only to raise the mercury in a gauge, but also to lower it so 
as to indicate do pressure whatever, even in engines working 
steam at a pressure of 30 lb. or 40 Ih. to the inch. This effect 
is produced by inserting the gauge pipe at right angles to the 
ouirent of steam, when the steam is drawu out of the pipe by 
the friction of the passing current, and we may even have the 
~ "icfttion of a partial vocuum." 

13. TJis Injector. — A great deal has been written and said 
the subject of tlie injector, its oporalion uui Mti.WV'j ■, mA 
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■ very diverse indeed have been tlie opinions upnii theaeu 
I Kubinson, wlio, in tbe works of the makers of the injector 
I this country, has had a large experience in connection with il 
I practical working in almost all conceivable forms of use, recenfl 

■ read a paper before the British Aasoeiation, from which we t ' 
the fullowing extract and illustrations: — "Although much 
been written and considerable discussion has arisen aa to th 
mode of operation of Mr. Gitfard's injector, there still 
exist sufficient difference of opinion on this point to warvBiit fb 
introduction into this paper of some words 
action of the instrument, 

" This action may l>e stated generally thus : — Steam is taken ttOt 
the eteara space of any boiler ; by means of the injector the waf 
supply is brought into contact with the steam current, and the resO 
in the shapeof hot water, is passed into the water space of the IkhI 

" How, then, having equal pressure in all parts of a boiler, dc 
a fluid not only pass in the shape of a current from one part 
the other, but at the same time carry with it another fluid e 
posed to atmospheric pressure onlyl A description of 13) 
apparatus will help to the apprehension of the phenomenon, 
a drawing. Fig. B, on a large scale, is exhibited for this purpoM 

" The chief organs of tbe instrument are a, the steam conA 
the combining cone ; c the receiving cone. Through a the sb 
flows from the pipe d in connection with the boiler, the qnanti^ 
being adjusted by the regulating spindle. To the combini: 
cone b the water is admitted by the supply pipe /, when 
joins the steam arriving through the cone a, the proportion 
water being r^ulated by the rise and fall of the cone a withii 
the cone b. The mouth of the cone e is placed at a fixed 
val from tbe smallest end of tbe combining cone b, from whic 
it receives the steam resulting from the contact of the steam 
water in b, anil conveys it at a gradually diminishing velociti 
into the boiler thruugh the pipe g. The unit of area ia that c 
tlie smallest diameter of the receiving cone e, which being 1, 
diameter of b is 1'3, and that oi a I'i to 1'5, accoriiing to thd 
steam presnure employed, the corresponding areas being — of m 
■7864; of 6, 1-327; a. 1-539 to 1-767. It will thus be seej 
that the area for the admission of steam is double that which r»^ 
oeives the condensed steam and water. 
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1 in mind, the 
consideration is the velocity 
uf tho currents concentrated in 
the apparatus. Asaume a steam 
prcaanre of 60 lb. in the boiler, 
the velocity of the steam current 
into eone a would be 1,712 ft. 
per aectnd, that of the water 
into cooe b nil, and that of the 
hot water from the boiler, if al- 
lowed to escape through the cone 
i, into the atmosphere, 78 ft, per 
eeaind 

" It le evident, therefore, that 
to gam adraisaion to the boiler, 
the steam flowing into cone c 
must do so at a greater velocity 
than the outflowing current from 
the boiler The two elements 
for giving this Buperinr velocity 
are, first, the initial velocity of 
the steam issuing from cone a, 
liimmiahed by its contact with 
and condensation by the supply 
water in cone b, but aided by 
the superior area of the lower 
part of the steam coue a, and its 
concentration by tho arrange- 
ment of the apparatus on to the 
inferior area of the smallest sec- 
tion of cone c. The mode of 
setting the apparatus to work is 
as follows : — 

"1. Turn the handle J, rig. 6, 
(see p. 48) to the position suited 
to the steam pressure in the 
boiler, thus adjusting the annular 
space between cones a and />. 
)iie] ;/, which will pass fv &TQa!i i^vsa- 
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tity i)f steam tlirough the apparatus jntil ivaicr is men to iss 
from the ovorllow pipe I 

" As soon aa this liappeiis, Rontinne to turn upwards the wha 
d until the otltDow ceaaes, aiid thus give full liberty to the slea 
to out upon thu water, utid drive it into the boiler through U 
cone e. 

" If, however, after having turned the wheel d to the extei 
o( its mnge, the overHow still CL>ntinuo8, it should be stopped 
reducing the quantity of water by the handle g. The inject* 
is working properly when there ia no dropping from the overfloi 
pipe, and no more stuani is adniitted than is absolutely necessai 
to prevent that dropping, 

" The quantity of water delivered into the boiler may be r 
ducod by turuing down the wheel d, and theu following with tl 
handle y, until ^e overflow atape again. 

"The following experiments, made with an injector of 8 in. i 
diameter of receiving cone, will illustraie the capabitities of tl 
apparatus :■ — It will be easily uudetstood that the acquisition i 
an apparatus capable of supplying water to steam boilurti withoi 
motion of any of its parts, and independently uf any engine ooi 
nected with it, is a matter of great importance to the uaete i 
steam power generally, and has proved almost essential to aon 
particular arrangements of boilers and engines. For iocomotivf 
the advantage has been very considerable, inasmuch as it is la 
important that the machinery of engines running at audi hi 
velocities should be freed from the apparatus and repaii 
pary when their boilers are fed by pumps worked by the engtw 
The advantage also is obtained uf fiiecling the boiler while tl 
locomotive is at rest either in the station or during its detentii 
in a siding waiting for the line to bu cleared. For this pnrpoet 
5,230 have been manufactured in this country. For statiouai; 
boilers the injector has been found onnvunient, because of tli 
saving of the pipes and other communication from the boiler 
the engine-rooru, the suppression of the pumps and the parts 
the engine necessary to work them, and the advantage of bei. 
able to fin up the boilers during meal hours and ut titber tima 
when the engine is stopped- For this purpose 3,816 have bcui 
niaile in tliis country. 

" For mariTi"' IioIIpt?: ihc ■M<i<n:\\l\L<i in m'nt cfinvtitiieiit, 
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I purpose both of the main engiiio pumps 
of the donkey pnmp, and brings the control of the feodiug 
ratus within reach of the stokers without reference to the 
, and without thn noiae and complication of the 
ikey pump. In a aimilar form, and also in the ordinary in- 
: airangeinent, the principle has heen applied for raising 
r from mines and wells, the indutiement being the cheapaesa 
fcd simplicity of the apparatus when probably ita nee would 
need to be only temporary ; and in other caeee the small space 
and easy maulpiiUtiou required have heen thought a sufficient 
inducement to apply it where fuel has been cheap, and the loss 
by waste of heat in the water elevated of little consideration. . . . 
" It was afterwards found that the long diverging tube or cone 
was not nccossaiy to the success of the apparatus, and the length 
of this organ was therefore reduced to that shown in Fig. 6, and 
still retained. An inconvenieaoe arose, especially in the case of 
boilers working a very high pressure, from the rapid deterioration 
of the packing H above the steam cone A. This was sought to 
be obviated in an arrangement in whioh the steam cone is fixed 
and the combining and receiving cones are moved with each 
other, being attached by a cylinder." 

On the same subject a paper was read before the Institution 
of Civil Engineers, by Mr- T. England, from which we take the fol- 
lowing extract bearing upon a method of working the injector 
on the "Western Euilway of France, introduced by M. Turck, 
" Steam was maintained to the indicated pressure of 9 J atmo- 
spheres ; going down inolines, the boiler was Oiled to the maxi- 
mum water level, and it was supplied during stoppages at stations, 
care being taken to arrive with low water. In those stations 
where the engine had to remain for some honra before starting, 
the steam was at 2, or at most 3 atmospheres ; and, as soon as 
tha engine was shunted, the iHJectors were set to work to fill the 
boiler, using up the steam — which would, with pnmps and with- 
out a donkey engine, be wasted — to 0. There were engine-men 
who, when the steam was blown off, which seldom happened, 

Ki enabled to heat the water in the tender, and who, by feed- 
on the inclines and at stations, saved, as compared with the 
e boilers fed with pumps, but without a donki-y ¥;v\'5J\''., ^ 
gramme and a half "f f"el per kilometre. 
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iftj CAMEEER'S SAFETY-VALVE BALANCE. *9 

"Tlia test of tlie injector appeared to be, ita comparison witli 
an apparatus, such as Mr. Beattte's, which, abstracting its fir^t 
cost and that of maintenance, by utilising the heat of the ex- 
hausted steam, and hy delivering the water at the boiling point, 
was asserted to effect a saving of fuel to the extent of 13 J per 
cent., as ctimpared with any process, other than that of the iu- 
jector, delivering leed-vrater at the temperature of 50 degs. 
The apparatus was described, but it was contended that this 
method did not effect a saving of more than 9 per cent. To set 
against this there was the excess of first cost and of main- 
tenance, the greater liability to accidents, and the increase of 
back pressure. These were deemed to be so considerable that 
moat railway companies, both at home and abroad, qdw adopted 
the injector for all new engines. 

"It was observed that the apphcation of this instrument as 
an elevator opened a wide field ier its employment ; and in con- 
clusion a list was given of all that had been pubUsbed in France 
and in this country relative to the injector, which, with the ex- 
ception of the information furnished by M. Torek, had formed 
the data on which the paper had been prepared." 

14. C'ltaerefe Saf&iy-valve. Balanee, — The following descrip- 
tion and illustration of this effective appliance we take from the 
" Scientific American." " This simple and durably-constructed 
balances illustrated in Fig. 7, was originally intended for locomo- 
tive engines, but can abo, with great advantage, be used on 
marine engines, or any place whore a doad weight is objectionable. 

" It is well known that a dead weight on a safety-valve lever 
is the most desirable and safest, wherever it can be applied ; but 
on locomotive boilers, which rest on springs, it cannot be used, 
aa its action on the valve would be infiuenced by the vibrations 
continually occarring, On marine boilers, where weights are still 
in use, the rolling of the ship occasionally mates it necessary t^i 
lash the levers down until the weather moderates, thereby de- 
stroying the only virtue of the valve. Spring balances, as 
generally made, are more or less objectionable, on account of the 
springs becoming stiffer as the valve risea Various plans have 
heea adopted to overcome the defect by regulating the strength 
of the springs, thereby depending on the vigilance of tha tw- 
I ipneer to prevent the preature irom getting too giesit -, ^V«E«»a, 




the balaiici.' here illuatratod, requires ao attention wkate< 
in use, aa an increase over the allotted pressure cannot ta 
" The arms, A A, can rise as much as the safety yo. 
require, without additional pressure, which nialces this 
equal iu efficiency to a dead weight. An example will t 
disiid vantages of spring balances now in use more appare 
instance, if a pafety-valve lever is held down by a sp 
other end uf which is festened to the hoiler or some otl 
point, the lever cannot rise without increase of power ■ 
above the pressure it was calculated for ; and if the pri 
for length of lever are as I to 10, then the valve cannot 
one-eighth of an inch without raising the end of the '. 
times uuu eighth, or 1^^ inch — wliith distance is, on 
dinary spring balsjice, equal to 38 lbs. ; and ten times 3i 
Iha., on the valve. Now, if we have a valve of 21 i; 
anieter, or 49 square inches area, the additional pressu 
heS7 Iha. per square inch to lift aaid yalve oiA^ cma- 
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inoh off its seat. Under such circumstanoea ib ceases to bo 
reliable, and requires watching and regulating to avoid ovcr- 
prea^ure or accident. 

" The adv&ntagea of this improved balance are in the peculiar 
lever arrangement, by which the ahnva enamemted fiiuits ait 
avoided. The arras of the levers, A, inside of the casting, IS 
(see Fig. 7), from the folcram to the apriuga, are at an angle with 
the outside arms ; and an upward movement of these outside 
arnia is accompanied by a corresponding downward, and also an 
inward movement, of the inside arms resting on the springs ; 
therefore, the more the spiings are compressed the shorter the 
effective length of the inside arms ivill he, thereby increasing the 
power of the onteide arms in the same prapartion aa the springs 
get stifTer from compression, thus enabling them to rise the re- 
quired distance without increase of power. The rod C is 
fastened by a set screw to any distance from the fulcrum, acconl- 
ing to the pressure required. Close behind this rod a siui^ll pin 
can be put through the arm, to prevent the ongineer from in- 
creasing the pressure beyond what the boiler was intended to 
carry ; but as much of the arms as is not in the way of anything, 
may be allowed to protrude, for the jjurpose of decrciiaing the 
pressure, should any accident to the boiler make it desirable to 
do 80. To keep up a uniform pressure of steam is conaiilered 
far leas injurious to a boiler than the sudden changes, produced 
by slacking or sci'cwing down safety-valve levers. Such changes 
will not take plaoe where the improved balance is used 

" The springs are made of hard brass wire, expressly drawn 
for theae balances, and are not liable to oorrosiun, as is the case 
with steel springs ; and, being compressed when working, are far 
less liable to break or to lo<«e their elasticity. 

" These balances have been in use for more tlian a year on 
Mveral of our leading railroads, where they give entire satis- 
faction." 

15, SalintmieleTS. — " Sea water," says a writer in the "English 

Mechanic," "contains a certain quantity of salt, in the proportion 

of I lb. of salt to 33 lbs. or 33 lbs. of water, and as all the water 

I Bvaporated is fresh, all the salt is left in the boiler, which would 

I cause its destruction if not removed. This is done by biijwii\'^ 

^^jilt, at intervals, a portion of the partly-aaturatod waWi feiui XU* 
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boiler. Scale is not formed in a boiler until the water has reached ' 
a certain degree of Ealtueas, and if it is kept below that point, the 
boiler will be kept clean ; but if allowed to get above, incvuEta- 
tion takes place, and continues aa long as it is above. Hence 
the necessity of keeping the water in the boiler at a proper and 
uniform degree of aaltneas, resulting ia a saving of fuel as well 
as a saving of the boiler. 

"In most steamers a much greater quantity of hot water ia 
blown off than is necessary, and even then the boilers are not 
kept clean, because it ia not always blown at the proper time. 
hiTge quantitiaa of hot water are often blown off when not neces- 
sary ; and, at other timea, when water ought to be blown off it 
ia not done, except there be means for ascertaining when it is 
necessary, or how much is required to be blown off. The means 
which are at present in many cases employed for this purpose 
are altogether insufficient and unreliable, as they do not — as thej 
oi^ht— enable the engineer in choigo at once to ascertain the 
density of the wat«r. In order to do thta he must, firstly, draw 
water from the boiler into a tin or copper caji, next insert therein 
a hydrometer and then a IhermoBieter. In heavy weather this 
is no easy task. Often the hydrometer alone is used, and, as it 
is graduated fur a certain temperature, should the temperature of 
the water net curreepoiid tlierewitli, a guess must be made, and, 
as might be expected from this haphajLord way of working, either 
good water is wasted, or the boiler is bumeJ. In some steamers 
a potato or a piece of coal ia said to supply the place of the 
jiydroraetcr. Thus, that which in the interest of the steam-ship 
owner should be the first point of attention both for saving of fael 
and prevention of injury to the boiler, seems to be thought by 
some a matter of no importance. It will be obvious, from what 
we have said above, that any airangement of instrument devised 
for indicating the density of water in marine steam boilers should 
be so connected with the boiler, that a constant flow, or current, 
may be maintained through it, and the indication of both thee- 
mometer and hydrometer at any time, and at a glance, ' read oC 
also that some means should be provided for regulating the supply, 

to maintain the water in the saliuometer at a given tem- 
poiature — that for which the hydrometer is graduated ; in short, 

" IOmeter should be simple in ita construction, uid certain j 
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in its action, and indicate at aU times the exact degree a: 
of the water in the boiler. Thos the quantity of water neceseary 
to be blown off might be regulated with certainty, and reduced 
to the smallest amount consistent with the safety of the boiler, 

and for economy of fue! 

" Long's Patent Salinometer is shown in section in Fig. 8. 
Mr. Long claims the improvement of 
attaching the cylindei" A to the cylin- 
der B, with a communication C, for i 
the purpose of ensming the safety of I 
the hydrometer, and preventing its f 
violent oscillation — perfect accuracy I 
in testing the density of water is said I 
to result, and the engineer is protected [ 
from danger by scalding. The cylin 
der A ia connected with the boiler by 
the pipe and stopcock D, the pipe 
being closed at the top, and having 
openings E near the upper exlremitv 
The water coming from the btiler an! | 
parsing the stopLOck D rises in the 
pipe, and flows through the openin^ 
F The water falls into the cylinJer 
A, passes through the opening C an I I 
rises to the water level G in botii I 
flinders H is an overflow pipe to I 
oarry off the surplus water and t 
ieep up a sufficient current to mam 
tain the water to be tested at the re 
qnired temperature By turmng the 
dopcock I, both cylinders can bo di>- I 
' thai^ed. J is a thermometer fitting ' 
"J s shde K 13 tl e hydrometer L la the cov 
e ■when not in use and I is a Vracket for m 

Bnt to the boiler bulkhead or other suitable plaoe This in 
ment affords a ready means of drawing water from a steam 

fier tmder any pressure and temperature without any ebullition 
■.the cylinder B, or oscillation to the hydrometer," 
tfa Tlum^ fbr Boiler g^fea.— In Tig 
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variouH views of this simple arrangement wljirh has been in 
in various ateamera, and with great success. " Fig A repreBWJ 
the combiDed femile in place, the object being to prevent Iea]EB| 
and guard againet the evils resulting from expansion and oo| 
traction of the tube ends when hot and cold alternately. J 

Fit- 9 I 




"The Komruon thimblea used for this purpose are of coef^iii 

and in a single piece ; these are of iron or brass, generally iid 

and effect the object much more perfectly by expanding the tql 

equally on both sides of the sheet. The several flgures, C, J 

and D, show the inside and outside Eermlea — otve A\'^^\fi%-w*W 
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the other in an obvious manner. When a leak ia found in tlie 
boiler the practice ia to slip the inner ferrule, A, in the tube, 
previously coating it with cement composed of white and red 
lead. The outer thimble or gland. B, is then put in and driven 
home, when the tnbe is quickly expanded and the leak stopped. 
The tube will never after require calking, and may always be 
kept tight by this method. These ferrules do not interfere with 
sweeping the tubes at any time," — Scientific American. 

17. Wei Steam. — On this important eubjeet we give an ab- 
stract of an able paper given onder date Oct I3tb, 18CS, in the 
"Engineer." After pointing out that the use of wet in place of 
dry steam is the cause of a large annual loss of fuel, and advert- 
ing to those who have a difficulty to see what difference there 
can be or is between so-called varieties of steam, the writer pro- 
ceeds: — "In one sense it is perfectly true that 'steam is steam' 
and nothing else ; but that which passes into the cylinder of an 
engine ia not always, nor even often, true steam. On the con- 
trary it ia a vapour saturated up to the very dew point, or holding 
in suspension free water either coming over directly from the 
boiler in the fomi of insensible priming or spray, or resulting 
from the eondenaation of a portion of the steam, either within 
the pipes of communication or the valve chest itself It is ab- 
solutely impossible to procure steam otherwise than in a saturated 
condition from ordinary boilers without superheating apparatos, 
9ud even though the contrary were the fact, and steam perfectly 
desiccated, although unsuperheated, could be procured, the very 
[lerformance of work within the cylinder, expended in propelling 
the piston, would suf&ce to abstract so much heat as would lead 
to the condensation of suEBcient steam to render all the ramainder 
wet The heat required to evaporate a single pound of water ia 
ejaivalent to 745,812 foot pounds, and conversely, in practice 
ft* every 745,812 lb, raised one foot, 1 lb. of steam will be re- 
converted into water. If this work be performed in one minute 
it is equivalent to a minute fraction more than 23'6 horae-power; 
and we may, therefore, assume that for every 226 indicated 
hoise-power exerted by a moving piston, 1 lb. of steam must be 
converted into water behind it per minute ; and this, be it ob- 
served, without the aid of any cooling influence whatever. Tha 

ti Intoot in the ateaiti is transmuted into wot^ ', we nt^^ \t&'i«i 
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either heat or work as we please, but we cannot have both 
gether. The quantity of moisture thus produced ia, of com 
comparatively small ; its iniiueace ia none the leas in 
The presence of a single drop of water within a cylindi 
tain to induce the presence of two or three others ; and the 
that a single pint of water per minute is deposited within tl 
cylinder of a 20-horse engine will satisfactorily account for tl 
consumption of possibly one-fourth more fuel than would othi 
wise suffice. There is nothing mysterious in this. In order 
obtain the highest possible reaulto from steam, it is indispensabl 
that it should be kept as hot as possible ; hut the heat may escap 
in two ways, one tangible and evident to the senses, and thewi' 
fore commonly observed and provided against ; the other 
tangible, not apparent from external evidences, and thorefors 
usually unthought of. The latter mode of ©scape is, nevertho- 
lesa, infinitely the more important of the two. The first is merely 
radiation from the surface of the cylinder and pipes ; yet unleaa 
the cylinder be exposed to currents of air, whether clothed ot 
not, the loss from this source ia comparatively trifling. By carft- 
ful clothing it may easily be reduced to about 1 per cent, a quan- 
tity practically inappreciable. The other mode by which heat 
escapes is by a species of convection through the waste port inttf' 
the condenser or the atmosphere. This has been expressed by 
saying that heat ' radiates ' into the condenser, or the atmoapherB. 
Such a statement is erroneous in every respect j no radiation in 
the true sense of the term can possibly take place round tho' 
angles of the passages permitting the eteam to escape, Tha> 
heat does not radiate. It is carried away bodily by the eacapintf 
steam, which absorbs it from, and thereby cools doivn, the metal 
of the cylinder and piston. It may here be asked, will not the 
steam carry away heat whether it be wet or dry 1 The 
must be in the negative as far as regards the cylinder. It is 
true that the steam in escaping will bring with it all the calorie 
proper to itself If it be dry, its influence extends no iiirther, 
because the gases, mlien dry, are the worst known conductors or 
absorbers of heat The presence, however, of a veiy minute 
quantity of moisture sntfices to render them the best known con- 
ductors, and in this lies the principal reason why moist steam is 
Wiiatefal of fuel. With it the temperatuve ot fee cyXviAei 
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only be maintained by the expenditure of much steam at the 
oommencement of each stroke, caloric being conveyed away to 
the condenser or the atmosphere with astonishiiig rapidity during 
the latter part of the exhaust. Witli perfectly dry steam, on the 
contrary, very little effect would be produced upon the metal, 
which would retain its temperature nearly constant during the 
eshauat, and wouid, therefore, not require to be warmed up again 
at the expense of the entering steam at the beginning of each 
stroke. It will be perceived, too, that if this warming up be 
effected by steam already saturated to its dew point, the least 
abstraction of heat must infallibly lead to the deposition of 
moisture on the metallic surfaces, and although a part of this will 
he re-evaporated during the latter part of the stroke subsequent 
to the closing of the cut-off valve, it is certain that the steam 
which iills the cylinder at the conclusion of the stroke cannot 
fiiil to be saturated. Whether the steam is absolutely dry or no, 
there is a constant tendency to the tran3mis.^ion of heat from the 
cylinder to the condenser. With true steam, which is analogous 
to a permanent gas in all its characteristics, the tendency is very 
feeble it is true, still it is obvious that, unless the fluid has a 
little free heat which it can spare in order to dry up the moisture 
due to the performance of the work, radiation proper, &c., it 
cannot leave the cylinder otherwise than moist, and in the fact 
that superheating supplies this spare caloric is to he found the 
principal reason why it is conducive to economy. The ailment 
commonly brought forward in favour of the principle, viz., that 
water which would otherwise pass iiito the cylinder as such is 
evaporated, and the whole volume of steam thereby increased, no 
doubt possesses much force. Yet it is certain that this augmen- 
tation of volume cannot alone account for the excellent results 
frequently obtained from the use of the apparatus ; and it is 
known, ou the other hand, that the simple apphcation of appur- 
tenances by the aid of which the water was mechanicaUy separated 
from the steam before it entered the cylinder, has led to a con- 
siderable saving of fuel in many instances. According to Dr. 
Haycraft's experiments, indeed, a saving of as much as 36 per 
cent, may, under exceptional circnmstatices, he realized fay the 
aid of a proper separating apparatus alone. 

The best means of drying steam has hardly ye^ 'beea BiaMis.Wf 
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torily determined. Not orilv does a. j;reat difference of opin- 
ion ejdat as to pointa involved in the construction of super 
heating appamtuu, properly so called, but even aa to the piaM 
where the drying is to be effected aa welL Shall we dry thq 
slcam bcfoiv or aftur it enters the cylinder] In other wonJ 
shall we enclose the cylinder in a jacket of superheated stearic 
or shall we work superheated steam through it directly t Nfl 
^reneral answer can properly be given. Much must depend o 
the character, good or bad, of the boiler. If this last be given 
to priming and producing steam charged to excess with moisture, 
superheating apparatus cannot well be dispensed with ; but with 1 
good boilers, working dry steam, jackets will answer a better I 
purpose. It is very easy with the ordinary apparatus to over- I 
heat the steam, and thereby lead to the destruction of the valve I 
faces, &c ; with the jacket this is hardly poiuible. The pipes ■ 
or chambers commonly found in superheaters wear out mora 
quickly than is desirable, and frequently give much trouble^ 
eepecially when they are exposed to be suddenly cooled down by 
water boiling over into them during priming, and a leaking joint 
is of course intolerable in an apparatus exposed to cODBiderabls- 
presenres. Por these reasons, among others, superheaters are 
seldom used to supply jackets only, although high measures of 
espanaion could be resorted to with the aid of these last aJonSi. 
in nearly every case where the boiler is tolerably good. It i* 
therefore worth considering whether or no very excellent results 
might not be obtained by superheating a portion of the waata 
steam, and filling the jackets with this. The heating might witk 
safety be carried to almost any point in reason, and as the moat 
moderate pressures would suffice, even iire-clay tubes might ba' 
used instead of iron in the superheater. As the loss of tlu# 
steam could do no harm, a leak would be of very httle conaS' 
quence. As jackets are now used, a certain waste is inseparable 
from their action. Some steam must be condensed within them, 
in order that a ^Teat deal of steam may not be condensed within 
the cylinder. This would, of course, he saved by using the ex- 
haust steam as we have suggested, 2for is it to be imagined that 
more ciindenaing water would be required. On the contrary, s> 
the whole quantity of steam passing through the machine would 
ie reduced for the same power, the comletvain^ ■we.'wt vjowW. i\!«!( 
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be reduced, and even were this not so it would be easy to with- 
draw only a. certain portion of tbe exbaust steam for the supply 
of the jackete, the remainder being dealt with as usual. Any 
great refinement in the heating apparatus would be unnecessary ; 
it would, therefore, be exceedingly inexpensive, both in conatruc- 
tion and maintenance, while excellent results would undoubtedly 
follow on its use, especially in the case of engines having a long 
stroke, and running at a slow speed," 



18 Wear and tear of Boilers — Causet which deteriorate 
them — Preservation of Boilers. — In this department the leading 
feature of the year was the reading of an elaborate paper — be- 
fore the Society of Arts, London — by Mr, Fred. Arthur Paget, 
C.E,, on "The Wear and Tear of Steam Boilers.'' Of this we 
now present an abstract to our readers. 

(a) " The direct effects of the pressure of the steam. — In calcu- 
lating the working strength of a cylindrical boiler, tbe plates 
are assumed to be under a static load, and to be submitted 
to a tensile strain. The former of these assumptions is seldom, 
and the second is never correct. There are two principal causes 
that tend to exert impulsive strains on the sides of a boiler: — 
I. The sudden checking of the current of steam on its way from 
the boiler to the cylinder; 2. Quick firing, attended with too 
small a ateam room ; and both may sometimes be found to act 

in combination According to Dr. Joule, the mere 

dead pressure of an elastic fluid is due to the impact of its in- 
numerable atona on the sides of the confining vessel. "When 
the motion of a current of ateam is suddenly checked, as by the 
Talre in its passage from the boiler to the cyhnder, its speed and 
weight cause a recoil on the sides of the boiler analogous to the 
effects of the, iu this cose, almost inelastic current of water in the 
hydraulic ram. This action is necessarily most felt with engines 
in which the steam is let on suddenly, as in the Cornish and 
other Rtngle-acting engines, working with steam valves suddenly 
affording a wide outlet, and as suddenly closing. It produces 
such phenomena as the springing and breathingofcyhnder covers, 
I and Uie sudden oscillations of gauges, noticed long iifji \i^ '^. 
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JoBiah Parkes and othera. Some years ago, while standing on 
boiler working a single-acting engine, and with a deficient amouBl 
of steam room, the writer noticed the boiler to slightly breathy 
with every pukation of the engioe. The same action has beeit 
observed by others with boilers the steam room of which i 
of proportion to their heating surface. The intensity of the iiH 
atantaneouB impulaes thus generated would be, as Kir. Forbes obg 
sarves, diiKoult to measure, but their repeated action must rapidlj 
affect the boiler at its mecbanicaily weakest points. The mor 
or less sudden closing of a safely valve while the steam is b" 
ing-off would evidently produce the same effect; and this i 
is strengthened by the great majority of loeomotive boilers — in' 
which, while at work, there is no such sudden call on the reservoii' 
of steam, as in the Cornish engine — which explode while standing. 
with steam up at the stations. It is not denied that in thi 
of a locomotive the mere estra accumulation of steam from tha 
safety valves being screwed down above the wwking pressure will 
also come into play. But there can be httle doubt that most 
boilers are subjected sooner or later, and with more and less 
quency, to an impulsive load. This being the case, this ci 
deration alone would demand a factor of safety of sis in thi 
signing of steam boilers. 

" Emerson showed, more than sixty years ago, that the stiei^ 
tending to split in two an internally perfeetly cylindrical pip«j 
submitted to the pressure of a fluid from the interior, is as 
diameter of the pipe and the fluid pressure. He also showed 
. 'that the stress arising from any pressure upon any part to 
it longitudinally, transversely, or in any direction, is equal to the 
pressure upon a plane drawn perpendicular to the line of direct 
tion.' As in a boiler the thickness of the metal is small comi< 
pared with the radius, the circumferential tension has been a 
Bumed to be uniformly distributed ) and the strain per unit o£ 
length upon the transverse circular joint being only half that upon 
longitudinal joints, the strength of the latter has been taken a 
the basis of the calculations for the tensile strength of the joints. 
But in taking the internal diameter of the boiler as the point of 
departure, the internal section has been assumed to be a correct 
circle, which would only be practically true in the case of 
Under bored oat sn a lathe^ and never in Ite-t oi a \ioiLeT, Twal 
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of Emeraon'a corollaries from his first proposition have, in fact, 
been ueglected. He shows that if one of the diameters be greater 
than another, there will then be a greater pressure in a direction 
at right angles to the lai^r diameter ; the greatest pressure tend- 
ing to drive out the narrower sides till a rQathematioally true 
circle is formed. The second is that, 'if an elastic compressed 
fluid he enclosed in a vessel, flexible, and capable of being dis- 
tended every way, it will form itself into a sphere/ A number 
of proofs can be adduced that both these influenoea are more or 
less at the bottom of the wear and tear caused by the direct ac- 
tion of the steam. 

"From 1850 to 1864 forty locomotive explosions causing a 
loBB of human life have occurred in the United Kingdom. The 
Board of Trade reports in the Bluebooks presented to Parliament, 
and more especially those by Captain Tyler, E.E,, probably 
form the most valuable and connected series of records extant on 
boiler explosions. This is more especially the case with regard 
to wear and tear caused by the direct action of steam unmasked 
by the effects of the fire, as the barrel and outside fire-box of a 
locomotive cannot be said to he under the direct action of the 
heat. Perhaps the vibration of the boiler through the motion 
on the line may intensify this action, but it is clear that vibra- 
tion cannot be a primary cause. The majority of the report* 
are illustrated by careful drawings. Eighteen of the forty boilers 
gaye way at the fire-box — eleven from the crown of the inside 
fire-box being blown down upon the tube plate ; seven from the 
ahells or sides giving way, Twenty burst at the barrel; and 
two may be ascribed to miscellaneoua causes, from an originally 
defective plate, and from running off the line. leaving out all 
those which occurred at the fire-box, as the majority of these 
might be ascribed to other influences than direct pressure, all the 
twenty explosions of the barrel could be traced either to internal 
furrows or to cracks, both running parallel with one of the 
longitudinal joints of one of the rings forming the barreL All 
the joints which thus gave way were lap joints; and the furrows 
or the cracks (and the former greatly preponderate in number) 
occur at the edge of the inside over-lap, and, therefore, just at the 
point whete the diminution of diameter caused by the la^-joiut 
~ I be moat affected by the pressure of the eteam. (,&K'SS%^Vk^ i 
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siie crofls section o£ the furrowed longitndiniJ lap-jniut in the firo-boi 
j of a. boiler which eiplodeil at Overton station, on the 3Uth Hit;, 1861. It 
a Dot diSer from other forrova. ) 

1 The plate at channeb shows distinct traces of lamination througt 
:ros3-beniling ; and it is probable that plate of a good ma- 
' tecial will gradually laminate, while inferior metal will crack 
jugh in much less tima Nor are these furrows found with 
■ tf/i^ JapjoiBta. Butt joints, with a stTi\i inavAc ^.W \ffi>fx — and 
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Buspicion be entertaiaed of its preaenoe until an explosion, more 
or lesa'serioua in its resulta, reveals the dire fact, A great amoiint 
of ignorance provaila with regard to the quality of water used lor 
raising steam, owing to the general difficulty in judging thereof. 
This is to be obviated by the proper use of chemical testa, but 
in too many cases the testa would Lave to be, and even are, ap- 
plied by those laaking sufQcient ohenucal knowledge to eiiable 
them to arrive at correct reaulta. Hence, a course may be taken 
to remedy the evil, totally unauited, if not opposed, to the ne- 
cessities of the case. 

"The ingredients in moat waters are the same, diifering only 
in their relative proportions, the principal constituents being tfae 
carbonate and sulphate of lime. But other ingredients are fre- 
quently found in oombiuatioUj and exert a baneful influence 
upon the metal of which the boiler is made. Inatanoea are not 
■wanting of internal coiToaion caused by the acidity of the water, 
whtcb, in some cases, has been must virulent. Sometimes the 
"whole plata is attacked, presenting a honey-combed appearance 
all over the surfeoe, whilst at other times only small patches and 
some of the rivet heads are eaten into. We know an instance 
of a boder plate having been reduced from an original thicknesa 
of 7-16ths of an inob to less than l-16th from internal corro- 
sion, the surface of the plate being honey-combed all over. A 
badly made boiler suffers severely at all the seams from the use of 
oorrosive water. Small leaks, which, with a sedimentary water, 
might take up, are, with a corrosive water, found to enlarge their 
channel constantly, and to grow worse daily. lu many cases 
where the use of acidulated water (as for instance, peaty water), 
is unavoidable, great benefit bos ensued from the use of soda. ISy 
its adoption boilers have become tight which were previously 
very leaky and required constant repair. 

" TJnqueationably, the best method of preserving a boiler work- 
ing under these conditions would be to use hard water for a time 
and allow the boiler to seale. If hard M'ater could not be had, 
then chalk or lime or sulphate of lime might be added so as to 
]toi n an artificial scale. The injurious results to the boiler arise 
^^1 the purity of the water and the absence of lime salts. If 
^^n>oiler scaled a little this water might be used. 
^^Btful if pure waters are well adapted for Btea,m. \»t\\K:t^. '^Vw, 
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anaumo a Bpherical shape, from its ranges of eiaslicitf and o 
tility being ao short. But it maybe Baid to be nndergoingi 
diatiitct stresses in as many directions, Ther 
OQ tbo ends, and tending to rupture the boiler in two halvf 
a diiecttOQ parsUel to the axis ; tliere is the stress which iel 
tension in a true circle, but which acts with a croes'hendiiig ■ 

Fig, 11. 




I cen 



(Tbe cilgea of the plates are cut to aa ongje of es deg. by n 

iDolioeJ sheaiB.) -^ j - 

... an ordinary boiler ; and there is the stress which tend 
make it assume the shape of a barrel, or to bulge it out in. 
centre of its length. The precise action on a material of aa^ 
straias like this is a portdon of the atieng;:!! ot maite A^-^ 
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still completely unknown. Its probable effeots may be illus- 
trated by the ease with which a stretched india-rubber ring 
ia cat throngh with a knife, or that with which a column 
under eonipresaion is broken by a blow from a hammer, or 
by the eimilar ease with which a tube under tension is split 
by a sharp blow ; in fact, the operation of caulking a de- 
fective boiler under ateam seems thus to often give it the finish- 
ing stroke which causes an explosion, The new boiler which 
hurst from a defective plate at the Atlas Works, Manchester, in 
18S8, and that which hurst through a crack at a lonf,'itudinal 
point last January, at Peterborough, both gave way while being 
caulked. This, again, accounts for the fact that adjacent boilers 
sometimes explode one after the other, pointing, at the same time, 
to the danger into which a sound boiler may be thrown by an 
explosion. Upon the same principle it is probable that the mo- 
Jem guns, built up from strained rings, will be easily put hors 
de eombal by shot. The probability is that a number of simid- 
taneona strains in different directions diminish the elasticity of 
the material that would allow it to yield in any given direction. 
However this may be, it will be soen that it is only the pwssure 
on the ends of the boiler acting parallel to the axis, and tending 
to tear the cylinder through transversely, which bears fairly on 
the riveted joint, or, rather, on that metal between the rivets 
which is left after punching. TJiilesa the cylinder be perfectly 
correct inside, the circumferential strain resolves iteelf into cross- 
tending, shifting the dangerous section from the iron left after 
|iunching to the metal at the over-lap. Witli respect to the 
■trees tending to bulge the cylinder in the centre, it is clear 
that if we' suppose a strip cut out from the entire length of 
the boiler, each portion of the length of tliis strip could he re- 
garded as a beam under an uniformly distributed load. As, how- 
ever, with the lap joint, there is a double thicknesB of metal 
transversely, that joint is the strongest and stiffest portion to re- 
ast the stresses tending to bulge out the cylinder in the middle, 
ud also to tear it in two halves. This alfords some justification 
(nr the belief of old boiler makers, before riveted joints were tried 
anJer a direct tensionaJ. load, that the joints are the strongest 
parts of the boiler. And, indeed, this is what we find in prac- 
~!1)B tluuneat portion of the longitudinal iaKovia \^ ^euftt- 
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ally exactly in the middle of the plate, and this ia caused by tl 
liiDgittidinal strees, which ia acting at right auglea to the trai 
>..'rse cross-bending Btress. A etrip cut from joint to joint is, 
• ■no respect, in the condition of a heam supported at both cm 
uiiitormly loaded throughout ita length, and, according to knoi 
lij'ineipleB, therefore giving way in the middla (See Fig. 12, 




(Frriiii Captain Tyler's letmrt, dnted 30th June, 186*, on the boiler exploeiff 
lIil> Overtoil stiLtion of ttae Loudon and North- Weatern Kailway. The p 



" It is impossible to deny the existeuee of an infinite numboi' 
of stresses acting on the sides of a vessel undergoing fluid pres- 
suTB, producing what, for want of a better term, might be callet^ 
a ' bulging atrain.' Instances of this action ]uay be noticed in 
Ihe sketch of the leaden pipes given by Mr. Foirbairn, whioh! 
•e bulged out in the middle by internal pressure, as also in tti4 
fire-box sides influenced by the same means, and in the centre a 
I the euffacij. Unaccountably enough, the effect of such a stnil 
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ou thu ultimate rGsistauce, and, above all, the elasticity of niutK- 
riala, has be«n entirely neglected by inveatigHtors, and tliete are 
no pablishcd data on the matter. The e&ect af the internal 
pressure ia evidently resisted by a double tliickness of plate at 
the joints, eo that the load on the miiiille of a, single ring may be 
considered as determining the weaicest part of t!ie boiler. 

" To construct a general rule or formula that would take into 
aucount the distorting eSects of the lap or of the welt of butt 
jifiiits would be impracticable ; but it is clear that Che usual moile 
uf calculating the strength of a cylindrical boiler friim the tensile 
strength of joints tested by weigbta, or hydraulic pressure directly 
i^iplied, 18 far from being correct. It is only tolerably correct 
with scarf-welded joints, or with butt joints with outside welts. 
Eren. here, the hoop tension of the true cyliiider is reaolved with 
a cross bending strain if the cylinder does not form a correct cir- 
cle internally, The usual formula would be practically correct, 
if the boiler were proTentod from altering its shape during the 
impulses sometimes given by the steam, and the quieter buckling 
action cuiised by the alternate increase and fall of the pressure. 
In fact, a boiler, like a girder, does not merely demand a high 
oltimah; strength, but also a stiffness which is the protection 
against alternative strains, against buckhng or collapse. 

" Disregarding the effects of the thickness of the material, a 
perfect cylinder should, theoretically, afford the same ultimute 
i-Miatance, whether exposed to external or internal pressure. Its 
resistance to collapse should, indeed, be greater, as most mate- 
rials give more resistance to compression than to tension. This 
is not the case, as the distortion of form progressively weakens 
an internal flue by increasing the load on its surface, while the 
contrary is rather the case with the boileri exposed to internal 
tension. Before Mr, Fairbairn showed the inherent weakness of 
flue tubes, their frequent explosions through colkpse were as- 
cribed to Epiieroidal ebulhtiou and other similar causes. They 
are now, according to the engineer of the Manchester Boiler As- 
sociation, stronger than the shells, by means uf the T-itun and 
uRglt) iron bands now generally used, and also by the excellent 
Beams introduced by Mr, Adamson so long ago as IS52. While 
T-iron and other bands could be used for tlie barrels of boilers 

i^jftseil to the fije (as is recommended in Eiaoica aai^i^ ^\i6 
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Ituont of Trade iuapector of railways), Aiiamaon'e 

Id probably form excellent transverse jointe for a shell i 
from tlie outside, and, with a boiler like this, thin and nai 
plates could bo used, affording a stronger and tighter lap joi 
With a construction of this kind little or no deflection or b 
iiig eould occur, and the sectional area of the plate and the li 
would really give the strength of the boiler. 

(b) " The Meclianical effects of the iteat, — "While a maxitnnmj 
stiffness to the mechanical action of the pressure is required in 
steam boiler, a maximum of flexibility to the irresistible mecl 
chI force of lieat is of no less importance. For instance, a { 
advantage of some of the forms of strengthening rings for ii 
nal flues is that they allow the use of thinner plates ; togethi 
forming a structure of great flexibility to complicated thermal ii 
fltiences, The longitudinal expansion of inside flues like thta : 
taken up by a alight spring or swinging at each joint, and 1 
end plates of the shell are not unduly strained by the combin 
effort of the internal preaanre and the expansion due to faea 
This is one way in which defective circulation, or a sudden c 
rent of cold air or of water, can act on the structure, by u 
equally atraining the plal«s; and, althongh it seems probabi 
that the effects aaid to have been thus produced are, to s 
tent, due to other causes, they point to the importance of keepin 
the temperature of the plates as low as possible. One protectim 
Against effects of this kind is the gradual diffusion of heat, pro 
duced by its conduction to and from the different plates. 
general belief with engineers that a pressure of steam strains 
boiler more than cold hydraulic pressure; but it is unsettled I 
to what amount and in what exact way. The basis of a 
mination of the kind would have to be sought in an exact deter- 
mination of the temperature of a plate which is transmitting thfl 
heat to the water, and this has not yet been determined with 
any accuraoy. 

■' While it is certain that boiler plates can assume very I 
temperatures, even up to redheat, authorities differ as to the 
diminution of ultimate strength which is caused by heat, whil^ 
its effect on the elasticity of the plate has been scarcely attended 
to. The experiments on the ultimate tenacity of iron at high 
tamperatures, conducted by Baudrimont, Seguin, and the Franle 
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lin Institute, can scarcely be looked upon as of much Vftlnfe, for 
they were made on a very small scale, and with no regard to the 
temporary and permanent elongatioiiB — or to the effect of heat 
un the elasticity and ductility. 

" Mr. Fairbaim observed no effect on the strength of plate inm 
np to almost 400 deg. Fah. At a 'scarcely red' heat the break- 
ing weight of platea was reduced to 16'978 tons from 21 tinis 
at 60 deg. Fah. ; while at a "dull red ' it was only 13-621. MM. 
Tr^m^y and P. St. Brice, aided by the celebrated Cagniard La- 
toar, found that at nominally the same temperature {rouge sombre), 
a bar of iron was reduced in strength to one-sixth of its strength 
when cold. This ia much greater diminution of strength than 
that found by Mr. Fairbaim. Apait from other caueee, thia 
might easily be due to the fact that incandescent iron affords a 
different tinge during a dull day to what it does in a clear light. 
In fiict, the great impediment to all these investigations is the 
want of a thermometer for high temperatures ; but M. Trfinifiry's 
result iij perhaps more conformable with daily experience, Mr. 
F&irbaim's data would show that the ultimate strength of wrought 
iron is reduced about one-half; But M. Tr^ni^ry's result explains 
the generally instantaneous collapse of ilues when red-hot, and 
which have been of course originally calculated to a factor of 
safety of six. 

"A most important question is the effect of temperatures, 
whether high or low, on the elasticity of the material — whether 
iron will take a permanent set with greater facility at a hiph 
temperature t 

" There is, however, another very important point with respect 
to wrought-iron which has scareely received the attention it de- 
serves. As would appear from a number of phenomena there 
seems to be a sort of thermal elastic limit with iron. Wheu 
heated, and when its consequent dilatation of volume does not 
exceed that which corresponds to, perhaps, boiling pointy it re- 
torns to its original dimensions. Beyond a certain temperature 
it does not contract again to its pristine volume, hut takes a per- 
manent dilatation in consequence, apparently, of its elastic limits 
having been exceeded. A number of experiments by Lt. Col. H. 
I Clerh, of Woolwich, on wrought-iren cylinders and ^lafcaa, teat 
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lopeatedly heated and suddenly cooled. In experiment 7, tot 
instance, 'two Hat pieces of wronght-iron, each 12 in. long, 6 in. 
deep, aud ( in. thick, were heated and oooled twenty times, on» 
being immei'scd one-half, and the other tvro-thirds, its depth in 
water. Tliat inuoened one-half contracted or became indented 
on the endd fully 3 in. ; the other had ainiilat indentation^ bal 
only to one-half the amount They both turned up into tb 
form of an arc,' the conveic side of which appeared in the porteoi 
heated and cooled. Unfortunately, the specific gravities of til 
different portions were not tried by Col. Clerk. A snoc 
of trials of the kind produced cracks in the metal, thus a 
ing how boiler plates are cracked by imperfect circulation an 
by cold feed-water let in near the fire ; and the thicket the plab 
the more permanent dilatation of volume, and consequent dangd 
Mr. Kirknldy found that ' imn highly heated and suddenly coolo 
in water, is hardened,' being injured, in fact, if not afterward 
hammered and rolled. In fact, a very general belief exists tha 
very ductile good iron, used in the form of a ste,im boiler, sow 
gets brittle. There are some applications of niotal to a steao 
boiler pBculiariy liable to be stnuned beyond the limits of elai 
city ; by mechanical force, by the mechanical force of expansio) 
and contraction, and by dilatation of volume through heat, a 
three acting simultaneously. Such is the case with flre-box sta] 
bolts. Accordingly, they are found to get very brittle when o. 
wrought-iron — which is a much less ductile metal than copper. 
Mr. Zorah Colbum states that he has ' frequently found thew 
stays (where made of wrought-iron) to he as brittle, after a fe* 
years' nee, as coarse cast-iron.' He has ' broken them off fron] 
the sides of old fire-boxes, sometimes with a blow no harder thai 
would be required to break a peach stone.' 

(c.) The Oltemical Ejfecig of the Ineandeaamt i^»a^— "Whab 
ever physical changes may be induced in iron by the long a 
tinnanes of a high temperature which is not succeeded by th( 
application of the impact of the hammer or the pressure of tht 
tolls, it is certain that long-continued red heat leads to the li 
of its metallic consistency. Its surface gets converted to a greate 
or less depth into forge scales, which, according to Berthier, coa 
sist of a crystallized compound of peroxide and protoxide o( 
iJ^U. The maciia/iica! action of the goaoa — au4 eav^icvoa-s o^ « 
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free oxygen contained in every flame — forced at a liigli velucity 
by the draught past the more or less heated plates, would ala<.> 
aid these ehemicai combinations — upon the saiue principle as 
iron fihngB, thrown through a gaa flime, hum in the air ; mid 
upon the same mechanical principle as the incandescent line in 
worn, away by the flame of the oxybydrogen blow-pipe. Thew 
actionB would take place with any fiiel, even with purs chnrcoal, 
but when mineral fuel, which mostly contains more or leas iron 
pyrites, is naed there ifl much more danger to the piatee, eapecially 
over the fire, in getting red-hot, as the flames would then hold 
snlphnrous acid, and often volatilized eulphur. A familiar illus- 
tration of an action of this kind is afforded by the fact that ix 
piece of red-hot in>n plate can he eaaUy bored through by moans 
of ft stick of Bulphvir, the combination forming sulphide of 
iron. Dr. Schafhaeutl, of Munich, has given great attention 
tn the changes in plates subjected to the action of lire ; twonty- 
five years ago he read a paper before tiie Institution of Civil 
Engineers, and more recently he has published an esaay, both 
an this auhject, in a Munich periodical. He has brought iot- 
ward a number of facts, founded on chemical analyses of plates 
of exploded boilers, showing the danger due to chemical action 
alone when the plates of a boiler become red hot. He notices 
that the iron of the inside of the plates in getting red hot 
decomposes the water, and combines with the oxygen thus 
freed. It also loses some of its carbon. The outeide combines 
with the free oxygen, and with any aulphurous acid in the flame. 
He states that iron mads with pit coal is much more affected 
than charcoal-made iron, becoming laniinated at ths original 
joints in the pile out of which the plate has been rolled. It is 
possible that portions of oxide are carried into these joints, and 
it is, at any rate, certain that iron gives way easiest at these places. 
This points to the great value of really homogeneous plates, such 
as those of cast-steel, in which homogeneity has been obtained 
by the only kno\VTi means of fusion. The remarkable diminu- 
tion of elasticity and of tenacity caused by the combination ol' 
the red-hot iron with sulphur — the absence of all elasticity and 
tenacity in the oxidss of iron — show that, e 

e collapse, or a shell explode, through getting rod-hut, dW 
■C jftiOPTo ^ ^^ iBjared ovary time it gets ovei-^«ial<M^ 
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defective circnlatiou, by permitting auch a temperature as to driit 
the water off the plate, would soon lead to L>ea! injury. Particn- 
lar spots in externally-fired cylindrical bnilers are sometiineB, at 
is stated liy Mr. L. Fletcher, of Manchester, thus affected, c 
in an apparently mysterious way. A new boiler, in which i 
heap 'if rags were accidentally forgotten, had the spot burnt oi 
in u fow days, dciubtlesa tlirough the resulting defective circula 
tioii and its consequences. The plates just above the fire of ii 
ternal Hues also suffer in this manner. It is, perhaps, possibl 
that turned juints, secured by iKjlts, and allowing an occasions 
reversing, or rather rotating, uf the ling, might, in 
be here of service. At any rate, universal experience prova 
that the thicker the plate the eoaisi does it get red-hot, and thes 
chemical facta also point to the desirability of a minimum of thich 
ness. In fact, the wearing away of the plates through thea 
causes, if mechanically strong against pressure, often gets ai 
at a certain thickness. In Germany and Prance, some of tt 
Lest manufacturers still make the plates over the fire o^ for ii 
stance, inside fiues, sliglitly thicker than anywhere else ; but th 
combined chemical and mechanical actions of the heated f 
cause moat wear and tear in a thick plate, and thus justify A 
can practice in this respect. In that country fire-box plates fl 
goiKi charcoal iron are made only ^ or ^ of an inch thick, a 
with stays i in. apart, give good results under nearly 150 llx 
steam pressure, 

(d.) The Chemical and JPhytico-ChemietU Effects of the Feedi 
water. — "The wear and tearuf a boiler which occurs in the fon 
of corrosion, properly so called, may be divided into two prinoi 
pal kinds ;— (1) internal ; and (2) external ; and the progrea 
of both is necessarily intensified by the mere effects of tempetar 
ture. Each, however, has its strongly-marked, distinct, charactoi 
— not merely as to position, but also as to origin and results. 

" A steam boiler is in the position of a vessel into which largt 
volumes of water are continually forced ; while the heat applied 
driving oiF all volatilizable matter, leaves behind a concentrated 
solntion with a chemical character dependent on that of TiavoL 
tilizable matters in the feed-water. The specific gravity of tt 
substances found in the water naturally causes them to sink ti 
wiuih the hotiom, at which part the eoVolwm la ^waerjll-s lau 
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I MnMDtrated, however mnch it may be stirred np by the ebulli 

I iLDO. Mr, J. R. Kapjei lately slotted that a piece of ziuc ' about 

i long, by 3 in. broad, by ^ths chick, placed in a marine 

\ boiler for Uirae week* ' to a depth of 18 in. in the water, showed 

1 corrosion which rapidly decreased 'up to the highest part, 

I vhich, in the steam, appeared to be httle affected.' This accounta 

K for the &ct that all boilers, erea those internally fired, like loco- 

I motive boilers, have their plates most affected towards the bottom, 

land that internal corrosien always shows itself to a greater extent 

I lelow the water line. The bouilletir of the form of boiler known 

lis the French boiler is also generally more affected than any 

r part. To resist this sort of slow action, it is clear that the 

more the bulk of metal the better, and it is lor this reason that 

e bottom plates of .most marine boilers are made thicker, while 

s plates in locomotive boilers have to be often renewed. 

Lny chemical or physico-chemical action of the kind is of course 

linteneified by temperature, and this is one of the causes that 

Bsstemally-fired boilers give way most a little in front of the fiu'- 

But the plates above the water-line also get more or let<s 

ided, and not merely with the nsual character of rusting, but 

n that peculiar form known as pitting, which generally shows 

self mnch more strongly marked below the water-line. 

" The presence of a concentrated solution of on acid or alka- 

Kline character, kept at a high temperature for yeara in contact 

frith iron plates, would be sufficient to account for much cor- 

But the internal corrosion of steam boilers has many 

ratures of such a mysterious character that no accredited expla- 

1 of its attendant phenomena has yet been put forwar<l. 

3 first place plates thus attacked show a number of irregular 

to\es like a pock'marked human face, or like the small craters seen 

" e moon's surface. The writer has also sometimes observed 

T three little irregular excavations like this in a plate other- 

e showing a large surface quite intact. Sometimes the plati; 

B most pitted round a projecting bolt ; at others, one plate will 

B perfectly sound, while that riveted to it will be almost eaten 

tftwsy, both having been the same time at work, and under, of 

K>ur8e, apparently exactly similar conditions. With locomotive 

"joilera this pitting has been ascribed to galvanic action, between 

e brasa tubes and the iron platea. — But it \B iiotoTVia\i:i'j ^>^ 
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known to loeomntive superintendents that boilers 

are often worse pitted than those which have ru 

tance with brn^ tabes. Beside^ all iron boilers, with or withou' 

brass, whether used fur stationary, locomotive, or marine par- 

poses, ore subject to pitting. 

" An explanation which seems to meet all the cireumstancaB 
of the case is the following r — Mr. Mallet, in a report addreesed- 
to the British Association some years ago, showed that wroughl 
iron and steel (blister steel probably), ' consist of two or more' 
different ehemicul compoumis, coherent and intetlace'l, of which 
one is iilecCro-negative to the other.' In fact, ordinary wrought 
iron, being also welded up from differently worked scrap, is for 
from being an electro-homogeneous body. In a boiler, the hot 
water, more or less saturated with chemical compounds, 
exciting liquid, and the electro-positive portions of the plates are 
thus quickly removed to a greater or less depth. This explana- 
tion meets most of the known ctrcumatancea with respect to 
pitting ; it even, ia a great measure, explains how plates above 
the level of the water, especially in marine boilers, get very 
rapidly corroded in portions, while another part of perhaps th» 
) plate is scarcely affected. The concentrated water 
ne boiler is known to be generally acid. ' Of all the salts 
Dontoined iu Be.L water,' says Faraday, ' the chloride of magnesium 
is that which acts most powerfully ' oa the plates. He shows 
that a cubic foot of sea water contains 328 ax. of this salt j and, 
at the same time, points to the danger of voltaic action in a boiler 
through the contact of copper and iron. In a smaller degree the 
contact of cast with wrouglit iron, or between the different makes 
of wronght-iron in the same plate, or between contingent plates, 
in the same way. It ia not improbable that some hydro- 
chloric acid is present in the steam of marine boilers. ' JL J. C. 
Forstet has tested some of the condensed steam from the safety- 
-valve casing, and from the cylinder jacket of the Lancefield, and 
found both decidedly acid.' With an exciting liquid in the con- 
densed steam, it is thus explicable how the pUitee of marine 
boilers often get corroded in a most capricious manner, while, at 
the same time, the current of steam would create a certain amount 
of friction on the oxide, clearing it away to act on a fresh surface. 

"The crucial t«st of this explanation, of p.Uii\g 'vtoiA^ b& tiuh 
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rvation of the abseiice of the phenomenon tem plates of an 
electro-homogeneouB character. The homogeneity coulii only be 
expected from fused metal, such as caststeel. Accordingly, 
while the writer was in Vienna a sliort time ^o, he was aitsured 
by Mr. Uaswell, the manager of the Staatebahn locomotive works, 
tliat some locomotives mode of cost-steel platea in 1859, for the 
AuBtrian Staatsbahn, had been working ever since without show- 
ing signs of pitting, thoiigb under similar conditions iron plates 
hod severely suffered iii this way. Pitting may thus be fairly 
defined as a form of corroaion localised to particular spots by 
voltaic action. It is also pmhably aggravated through the roo- 
it of the plate by mechanical action, and the expansions and 
■tractions through alternations of temperatoTe. All boilers 
f moat pitted near the inlet for the feed-water, and with inside 
inder locomotive boilers there is generally more pitting at the 
Ipke-boK end — no doubt caused by the more or less racking 
) platen, A state of corrosion at particular sjKits 
nid probably be kept up to a greater intensity by the incrusta- 
1 being mechanically thrown off. With a quicker voltaic 
i by any unusual intensity of the exciting liquid, 
h aides of the cavities in the plates would bo sharjier and less 
case of the boiler fed with mineral water 
a ironstone workings, which espiodod last year at Aheramaii, 
"i "Wales. 

pThe fiiot that pitting occurs in marine boilers when distilled 

n surface condensers is used, does not affect this explana- 

I^h water, from whatever cause, after repeated boihng, is 

i to cairy the salinometer even higher than eea water, thus 

nng that it is not pure. In the next place there is the absence 

icmstatioBj which to some extenl always protects the plats.s 

joilers from the chemical action of its contents. In this way 

I mechanical buckling of the plates — directly and indirectly 

_ lueing the furrows we have spoken of — by continuaUy clearing 

particular lines of surface from incrustation and oxide, reduces 

theae particular spots, with respect to corrosion, to the condition 

^Ihe plates of a boiler fed with water which deposits no incrua- 

Corrosion will also act more rapidly at a furrow through 

i increase and renewal of surface. To resist that form of 

i apeoially known under thu namfi <& ^S.Van%, «. 
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^H luaximum of electro-houiogeneity is evidently required in all the 
^H component parts of the boiler." 

^H (e.) Tlie CJtemical and PhyeUo-Ohemicul Effects of the Feed- 

^H vitder. — "While the action of internal cortosion, often very 
^^a equally corrugating the plates over a large surfcLCe, as a rule 
^^B scarcely, at any rate only gradually, ofibcts their iiiechanicd< 
^^P strength, external corrosion, being localised to particular spots, 
I of a much more dangerous ehaiuater. The one ia gradual anj 

easily perceptible, while the other is rapid and ineidioua in its 
progress. Apart from accidental circumstances aSecting ths 
brickwork on which a stationary boiler is erected, or the outsids 
of the bottoms of marine boilers, it is clear that external cor 
sion can only occur through leakage. When leakage takes pli 
through a crack in the plate, caused by mechanical action, or at 
a hole burnt out by heat, the effects of leakage are only secondary 
results, due to a primary cause, which of itself 
stoppage of the steam generator. But a leakage at a joint may 
in itaeli gradually cause the desttuotion of the boiler. Here we 
sea another reason that tlie character of a boiler, not merely 
as to ultimate strength, but also as to wear and tear, intimately 
depends upon the form of its joints. It is often noticeable that 
very good lap joints, even when tested under hydraulic pressure 
up to only 50 per cent, above the working load, sweat 
less. The tendency of the internal pressure to form a correct 
circle bears indirectly oa these joints, causing them to open, mora 
or less, and to leak, in spite of the caulking. Mr. Bobert Gal- 
loway, C.E., who, 03 an engineer surveyor of long standing of the 
Board of Trade, has, probably, made more than three thousand 
careful inspections of marine bailers, states that he has often 
noticed a furrow or channel on the outside of the joint, running 
parallel to the outside overlap for some distance, and evidently 
caused by leakage. Along the water line condensed water will 
act on the joints, while below it the concentrated contents of 
the boiler will come into chemical action. A leak^e in a marine 
boiler often eats away a g in. plate within a year, 
cases a jet of hot water from a leakage has a frictional action ; 
in fact, even with such an incorrodible and hard substance 
giaaa an effect like this has been perceived, and a slight teakagi 
coatittaed daiing several days eometimcB "proit 
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farrow on a glass gauge tube. With sulphurous faal, a powerful 
chemical action will come into play on the plates. One volume 
of water takes up about thirty volumes of aulphuroua acid gas ; 
and these sulphurous fumea of the fuel, coming in coutact with 
the water from a leakage, will be more or leas absorbed. An 
acid mixture like this mast quickly eat away the plata It is 
certain that a leakage acts much quicker on a boiler fired witii 
sulphurous fuel than on one fired with wood. M. G. Adolphe 
Him has observed a plate, nearly seven-eighths thick, to be 
pierced, in the course of time, as with a driU, by means of a little 
jet which struck it after passing through a current of hot coal 

Tlie next point taken up by Mr. Paget was the Legulative 
Euaetments. This, for reasons stated at the time, we published 
ill last year's volume for 1864 in par. 32, p. 103, to which, there^ 
fore, we refer the reader. 

19. On the subject of Hydraulic Tasting of Boilers we gave 

expression {in par. 15, p. 67, vol. for 1864), to certain opinions. 

These we see no reason to change. Sundry opinions of others 

we gave also at the same time, to which we refer the reader. In 

the paper by Mr. Paget (see last par.), we find the subject also 

oonaiJered, itom which we take the following: — " Although, as 

we have seen, the application of a known amount of hydraulic 

preeeure is in such general use for the determination of the 

atjength of a boiler, there are, nevertheless, few points in en- 

^gjiieering about the real value of which there is ho much dispute. 

IXreiybody seems to have a different opinion on the matter. 

KBome say that the hydraulic test is the only means of detennin- 

Ung the strength of a boiler; others that it is a very injurious 

Ifnd useless measure. As to its amount, some recommend one and 

Bi^lial£ many twice, some thrioe, and a, few even four times the 

t workiig pressure. While numerous engmeers advise its applica- 

hon to old boilera, others have strong objections to its use in this 

way. Whether the force-pump be really the beat apparatus for 

its application, is, with other questions, also placed in doubt 

The truth is that, while on the one hand, like other testa, it may 

be abused and wrongly applied, on the other its value may also 

he ex^gerated. 

" Tbe beat pmctiaaJ proof of its necesaity iot "OBfl \K!^» S» 
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atforded by the fact that explosions have occurred the firrt tim 
steam has buen got np — such as that at the Atlaa Workti, Maq 
cheBter, in 1868. Unless every plate be separately tested up ti 
proof load it is impossible to be curtain whether one of them i) 
not defective. This function is clearly much better perfon 
by the hydraulic teat. Then, as to its appUcatiou to old boiler^ 
much can be learned during internal examination ; but it if 
always poeeible to tell the remainbig thickness of the plate 
this meana, nor their deterioration through the heat. It is oftei 
said tliat a suceeBafol resistance to the hydraulic test is no prooj 
that the boiler might not have been burst by a few pounds more ; 
and that it may so suiter as to perhaps afterwards burst with £ 
less pressure of steam. But this is no more true than, it ia true 
of a girder, for instance, which has withstood without permanenfe 
deflection its proof load. In. every case it is necessary that i 
effects on the boiler should be exactly ascertained. In fact, thi 
real test consists in this examination, and the proof pressure it 
uuly a means to this end. The boiler ehould, if possible, bi 
subjected to a careful internal and external examination. With 
locomotives this can only be accomplished by taking out the 
tubes ; with ordinary land boilers it can only be done by re. 
ing the brickwork. In fact, it may be said that a steam boilel 
is never absolutely safe which cannot be easily examined — Taon 
especially from the inside. But by gaining the flue tubes, the com 
buation chambers, the flat surfaces, and even the barrels, it may b 
ascertaiued very nearly whether the liuiits o£ elasticity of the ma 
terial have been exceedcl — whether, therefore, the pressure hal 
additionally injured a boiler which was near rupture already, 
is often very plausibly observed that there is great danger iq 
testing a bailer, which cannot be examined internally, to doubly 
or even to only one and a-half the working pressure. It ia sai^ 
that the test may strain the boiler without its showing any out 
ward indication. It is certainly jiiet possible tiiat such a case 
might happen. 

"An objectionable plan in measuring the pressure applied, 
and, for several reasons, one likely lo lead into error, is estimat> 
ing it from the load on the safety valve lever. A metallic g 
abould be used, and very neat pocket instruments of the kint 
B aoJd in Paris. In frosty wenUw-.r l\ie me\. teada ate, ' 



S.J IIYDRAtJLIC TESTING OF BOILEBS. 7» 

i if the metal be not somewhat warmed by using 
t water. The lijrdrauiic ram kinii of action on the eidea is 
) much leaa likely to occur if a rather narrow force pipe be 
tl for the pump. 

"There cau be no doubt that it would be a valaahle thing to 

I able to employ some means of measuring the permaneiit anil 

I temporary extension of volume, if any, produced by the 

'raulic test. It ia probable that a boiler, as it gets old, and 

« a permanent set under the pressure, also increases in volume ; 

; it doubtless holds a few gallons more than it did when 

An ingenious plan for measuring the increase of volume 

■ recommended in the Bavarian regulation. After the boiler ia 

1 the amount of water forced in ia nieaaured by pumping it 

i vessel marked with divisions. When the pressure is re- 

1 the boiler contracts more or leas, forcing uut at least a 

rtlon of the water ; the amount remaining is supposed to give 

c dilatatinn of volume of the boiler. The diflSculty in the use 

" "s plan would probably consist in the presence of air in the 

Xit«r itself and any which might chance to remain in the boiler. 

Thst in the water might be greatly diminished, or at any rate 

tffought down to a cungtant amount, by boiling ; but there would 

be no preoise security against any air in the boiler, and as the 

weight of air absorbed by water (according to a well-known law) is 

in proportion to the pressure, it would be taken up by the water, 

thus falsifying the indications when the pressure waa removed. 

On the othtsr hand, a high temperature of the water would form 

m impediment to this absorption. The experiment is certainly 

inirtli trying. It might be very valuable with tubular boilers in- 

isible from the inside, as any permanent set or deflection 

o be indicated by little or no water being compressed out 

h the contraction of the boiler on the removal of the pressure. 

I long ago as 1844, M. Jobard of Bi'ussels, in order to obviate 

■ sDppusodinjtirious effects of the hydraulic blow of the water on 

B pUtee, proposed to £11 the boiler with water, first loading the 

'fety-Tftlves, and to then dilate the water, and consequently the 

iler, by means of heat applied to the outside. More recently, 

Dt Joule of Manchester has used the same plan himself^ pi'o- 

ing it for general adojution. In addition to the loaded aafety- 

"- ' I need a metallic presaure-^T^ ' to be con^^^iVj (iV 
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served, and if the preaaure arising from the expansinn of tb 
water goes on increasing continuously without sudden decrease a 
stoppage until the testing pressure is obtained, it may be inferred 
that the boiler baa sustained it witlmiifc having suffered strain. 
Another plan, also founded upon the same principle of tht 
irregularities of extension of nietala when the limit of elasticity 
is exceeded, hoe lately been proposed. This consists in bringing 
an ordinary steam-engine indicator in communication with the 
pump-plunger, as if it were a steam-engine piston-rod. The o 
dinates of the pencil diagram would thus give the pressure in the) 
boiler, while the respective abscisaie would give the quantity c 
water pumped in at each stroke. As long as the limit of elasticity 
was not exceeded there would be a horizontal line, while a eu 
line would appear as soon as the sides began to take a permanent 
deflection. There seems to be a sort of contradiction in dej 
ing for results like these upon such irregular appearances as tha 
extensions beyond the elastic limit. But all these proposale are 
undoubtedly worth trial in practice. Dr. Joule's plan has thft 
merit of alFectii^ the plates by both beat and pressure — thus 
bringing them under every-day conditions." 

The publication of Mr. Paget's paper, of which in this and tha 
last pftr. we have thus give a reaum^ gave rise to a rather lively, 
and certainly lengthy discussion, more especially between its author 
and Mr. D. Kinnear Clarke, the well-known writer on Locomo- 
tive Engineering ; so lengthened, indeed, that our space utterly 
precludes taking up the matter, even in the most condensed form, 
although, doubtless, much suggestively practical information w 
elicited during the discussion which would have been interesting 
to out readers. "We can therefore only refer them to the pageK 
of the " Engineer," where the letters were pubUshed. 

20. (a) Tlie Corrosion, (b) the Incrustation, and the (c) PreeeT' 
vation of Steam Boilers. — In the "Mechanics' Magazine," unde* 
the respective dates of Feb. 24th, March 3d, and March 10th, 
1865, three articles on the subjects above noted were published. 
In each article the subject was fully and fairly treated,— -so fully, 
indeed, that we can only give a brief abstract of what was saidj 
referring our readers to the articles themselves for fuller informa- 
tiom And _/ir8(, as to the (a) corrosion oihoUeTS. "Corrosion may 
go on for years, either internally ot estemSiU^ of «. bailer^ and n 
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been pursued by one of the London water companies for many 
years with perftict success. Mahogany sawdust has been etn- 
plojed with advantage for the same purpose aa the oak logs. It 
acts in two ways — iiiat, mechanically, by offering eo many email 
points on which the carbonate and sulphate of lime may be de- 
posited, and secondly, by a peculiar action of the extractive 
matter in the wood. This applies more particularly to oak, espe- 
cially whan green, in which state it should be used. In 2forth 
Wales the water used in boilers is oiten perfectly green, and oak 
sawdust is administered in considerable quantities. Chloride of 
ammonium will convert the lime salts into soluble compounds, 
VIE., sulphate and carbonate of ammonia, and chloride of calcium ; 
but in practice its use has not been very auccessfal, owiirg to the 
sal ammoniac and aramoniacal salts acting on the brass-work. 
Where the action of a cure is only partial, as is the case with 
some boiler fluids, the remedy is worse than the disease. For 
instance, in some boUers at Woolwich sapplied with Thames 
water, a certain composition was used ia the hope of preventing 
incrustation. It was found that the composition only acted upon 
the lighter portion of the sediment, leaving untouched the heavier 
and harder portion, which, though forming a much thinner de- 
posit, was nevertheless impenetrable to the water, whilst, on 
leaving the lighter and the heavier ingredients undisturbed, they 
were found to fonn a porous substance through which the water 
could reach the plates, 

" Prevention is at all timed better than cure, and under ordi- 
nary circumstances, where the construction of the boiler does not 
insure immunity, the most practical plan for the prevention of 
incrustation is the adoption of an efficient mode of blowing-out. 
A more complete remedy, however, exists in the adoption of what 
is termed dry, or surface condensation. Eat the benefits to be 
derived from judicious blowing-out are not generally realised, or 
there would not be the irrogularity there is in the use of the 
blow-out apparatus. To be elfectual in its operation it should 
be useil at r^ular intervals during the day, the beat time being 
whenever the engine is not at work and the water therefore at 
rest. Under these conditions the sediment has an opportunity 
of settling, whereas at other times it will he held in suspension f 
l.tif tfaa rising bubbles erf steam, when blowing-oat. nt^ \k> 
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addition of a BmaU amoaut of lime Gaits is beneficial, as b; bein 
deposited on tbe iton they preserve it. But in large quantitiag 
these salts become prejudicial by forming an incrustation. Thi 
alternate use of soft and hard water would prove advantageous 
In man; cases where corrosion has taken place in boilers whei 
surface condensers are used, it may be attributed to small par 
cles of the copper or brass from the tubes of the condenser bein , 
carried into the boiler, and not, as ia often supposed, to a galvani 
action originating in the condenser. In fixing surface condenaen 
care should bo taken that all filings and other looae particles o 
the tubes should he entirely removed 

" External corrosion arises generally from external damp, whioj 
is caused sometimes by water penetrating into the flues a 
saturating the seating, and sometimes from blowing seams a 
rivets. The injurious effect upon the boiler is much aocelerata 
when in contact with the brick -Betting, which frequently p 
the water, and holds it against the plate, the result being rapii 
oxidation. Boilers are most liable to external corroa' 
set on mid-feathers. 7-1 6th in. plates have been reduced b 
this way to l-8th in. thick. This eKternai corrosion 
«asily prevented thau cured, and prevention lies iu having, ij 
the first instance, thoroughly good material and work, both i 
the manufacture and setting of the boiler. Equal care ahouli 
be taken to secure the cumpleteueas and perfect arrau[^ 
the fittings, inasmuch as the blow-out apparatus and the lowe 
man-hole joint in front of the boiler, when not well made, a 
I'l'equently the cause of damp ash-pits, from which serious aaa 
of corrosion have resulted Similar consequences arise as w< 
from the discharge from the glass-water gauges. Channelling h 
been supposed to be the result of oxidation caused by a sligh 
leak at the joint. This, doubtless, holds good iu some case; 
bat many instances occur where no external damp can be duf 
covered, and ou separating the plates no trace of leak c 

" In a marine boiler external corrosion takes place in t 
of the steam-cheat by the dripping of water from the deck j th 
botConi of the boiler is corroded by bilge-water, and the ash-pit 
by the practice of quenching the ashes with salt-water. Bit 
tigse sources of injury are easily remedied. A felt cover- 
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blowing-uut. And in noticing the benefit of this be draws at- 
tention t« the fact that the fittings of a. boiler connected with the 
blowing-out apparatus are, as a. rule, very generally nnoared for. 
" Great carelesaaeSH," be says, '" is frequently evinced with respect 
to blow-out taps and valves, and cases are not wanting in which 
a criminal recklessness has been displayed, The apparatus 
generally used consists of slides, mushroom valves, wing valves. 
xad taps. With respect to sluices or slides, the experience is that 
they work freely, hut they will not always close perfectly, so that 
it may, and in fact does, at times happen that they are acciden- 
tally left open. Tbo saffty of the boiler is tlius imperilled, us 
the water is brought down very rapidly. It aometimes ocelli's, 
too, that they cannot he closed, owing to the sediment becoming 
lodged in the bottom of the slide or sluice boxes. The musli- 
roora valve is readily opened and permits a free escape, bnt it is 
often found that particles of scale blown out with the water ef- 
fectually prevent the reseating of the valve, which has frequently 
lud to their disuse. The most satisfitctory is the wing valve, 
which is found to work in an efficient and regular manner. The 
use of cast-iran taps is to he deprecated; they often corrode, end, 
sticking fast, are utterly useless. Those made of cast-iron in the 
shell and brass in the plug are liable to draw back in working. 
They often give trouble in consequence of the unequal espan- 
sion of the metals. They are generally difficult to close if opened 
when steam is up, which jeopardises the furnace crowns, so that 
where such taps are fitted their use is frequently limited to the 
oocaaional emptying of the boiler. The description of t-aps found 
to give the most satisfaction in general use are those made whol- 
ly of brass both in the plug and shell, and Utted with glands and 
packed. There is a greater safety in their use than in that of 
the eommou plug tap, in which the fastening often gets loose, and 
OD opening the plug flies out, severe scalding being the rusnlt, 
Cast-iron taps having the plug and shell bunhed with brass are 
found to work well, although it is a question whether, on the 
whole, they are more economical than those njade of brass ■ through- 
out. Long levers for opening and closing the taps should he 
avoided, oa they strain them and often lead to fractura The ar- 
Tangenient for carrying off the water too, is often very inefficient j 
I It, proper waste pipe should always be attached, oihi^mub \itvi) ^^>^ 



ENGINEERING FACTS. [Dn 

water. The cBibojiftte in precipitating forraa a loose powder, 
':ie sulphate a hanl ciust. Both togetlier will also form a. s( 
lurTistation, more or less hard in proportion as the one or 
other of the salts predominates. Thia deposit, when allowed ' 
occnmulate, forms a. hard ecale which adherea very tenacionaly' 
I and is troublesome to remove. There is, no doat 
much dif&culty experienced by the owners of boilers ii _ 
of the quality of the water they liave to use, biit it ia slwa; 
open to them to have a chemical aualyaia made ; and this 
often essential when there are two or more aourcea of supply i 
the game locality, as the water, although apparently obtaine 
from the same primary source, may differ very greatly ii 
position at two different points. There is an instance of this i 
a well which produced almost pure water, containing an alkal 
but no lime. From this well a boiler was supplied for n 
years witliimt any incrustation having been formed, the boiW-' 
being cleaned by simply brushing out. Within half a mile o£ 
this well another was sunk, but which yielded water containiof 
lat^e a proportion of lime that in a few weeks a thick ii 
tation was formed within the boiler fed with it. Both well 

e sunk through the London clay into the chalk. Tt is a &t 
lacy to attempt to estimate water from its appearance ; transp 
rency does not always mean purity. A specimen of water ( 
perfect apparent purity taken from a London pump, gave, ( 
testing, liO grains of different kinds of salts per gallon of watcq 
whibt a sample taken from the Thames — conaidei'ed bad enou^ 
— yielded at the moat 20 graiua of salts per gallon tesi 

" Of the preventions and remedies which have been propoa» 
from time to time, it may be said their name is legion ; the; 
form the subject of a goodly number of patents. Among tb 
preventives are various methods of filtration and purification 
by chemical processes, whilst the remedies consist chiefly of : 
variety of compounds best known as ' boiler compositions.' Apa> 
from the doctoring processes, are several simple and inexpensiv 
lumcdics which have proved vpry effective in preventing incrustffl 
tion. One of these consists in placing small logs of oak, wit3 
the bark on, in the boiler, which has the effect of reducing th 
carbonate of lime to a kind of sludge, which falls to the bottoi 
tnd thae preawves the boiler petfectiy d^avi. 'C\aa ^\a.a hi 
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been pursued by one of the London water companies for many 
years with perfect success. Mahogany sawdust has been em- 
ployed with advantage for the same purpose as the oak logs. It 
acts in two ways — first, mechanically, by offering so many small 
points on which the carbonate and sulphate of lime may be de- 
posited, and secondly, by a peculiar action of the extractive 
matter in the wood. This applies more particularly to oak, espe- 
cially when green, in which state it should be used. In North 
Wales the water used in boilers is oiten perfectly green, and oak 
sawdust is administered in considerable quantities. Chloride of 
ammonium will convert the lime salts into soluble compounds, 
viz., sulphate and carbonate of ammonia, and chloride of calcium ; 
but in practice its use has not been very successful, owing to the 
sal ammoniac and ammoniacal salts acting on the brass-work. 
Where the action of a cure is only partial, as is the case with 
some boiler fluids, the remedy is worse than the disease. For 
instance, in some boilers at Woolwich supplied with Thames 
water, a certain composition was used in the hope of preventing 
incrustation. It was found that the composition only acted upon 
the lighter portion of the sediment, leaving untouched the heavier 
and harder portion, which, though forming a much thinner de- 
posit, was nevertheless impeaetrabte to the water, whilst, on 
leaving the lighter and the heavier ingredienta undisturbed, they 
were found to form a porous substance through which the water 
could roach the plates. 

"Prevention is at all times better than cure, and under ordi- 
nary circumstances, where the construction of the boiler does not 
insure immunity, the most practical plan for the prevention of 
incrustation is the adoption of an ef&cient mode of blowing-out. 
A more complete remedy, however, exists in the adoption of what 
is termed dry, or surface condensation. But the beneHts to be 
derived from judicious blowing-out are not generally reahsed, or 
there would not be the irregularity there is in the use of the 
blow-out apparatus. To be effectual in its operation it should 
be useil at regular intervals during the day, the best time being 
whenever the engine is not at work and the water therefore at 
rest. Under these conditions the sediment has an opportunity 
of settling, whereas at other times it will be held ii 

y bubl^w of Bteaa, when blowing-oxA '^n^ \n oovu.' 
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paratively useleaa. But, however regokrly the operation may b 
performed, it cannot ha effectuul if confinod to one point only ini 
the hoUer, when there ia a heavy sediment. But the action n 
be distributed throughout the whole length of the boiler by hav- 
ing a perforated pipe carried from end to end. 

"A simple method of depriving water of its earthy carbonates 
was successfully adopted in a small bigh-pressure boiler. Thia 
was done by admitting a very small jet of cold water into the 
exhaust pipe of ths engine, where, mingling with the waste ateara, 
it condensed a portion of it. The steam, by raising the water 
to boiling heat, drove off the free carbonic acid, and the neutral 
carbonatea were thrown down on the aides of the pipe, whiek- 
was made large enough to allow it to accumuiate. The water 
then ran down into a tank, whence it was pumped into the boilefi 
at a temperature of about 300 deg. In addition to this, the partial 
condensation of the waste steam reduced the hack presaure o 
the piston, and the result was a saving of half the fuel, the boiler 
remaining quite free from scal& But better than all these ii 
plan of Qsing boilers properly constrncted in the first instance, 
by which inornstation ia reduced to a minimum, if not entirely 
prevented. By a properly constructed boiler is meant one 
arranged that a proper circulation of the water is effected, 
boilers thus designed such a thing as scaling is of very rare 
currenoe. In marine boilers iacruatation was at one time a per- 
plexing matter to deal with, as it wa.s supposed to be impossible 
to prevent the boilers of a steamer from becoming salted up ii 
some seas. But it has been ascertained that the aaltnesa of differ- 
ent seaa varies hut little, and however salt the water may he, the 
boiler can be preserved from any injurious amount of incrusta- 
tion by blowing-out as already noticed. Thia operation, to be. 
effectual, should be performed very frequently, or a portio 
the super-salted water may occasionally be allowed to escape. 
But, by proper blowing-out, a very alight scale, at the moat, will 
ever be found. There is no excuse for the engineer who allows 
hia boiler to become damaged from incrustation." 

Thirdly, on the priiservat!,oTi of boilers. In thia paper the 
writer returned to the subject of incrustation, showing that the 
bi'st way to prevent it, and, in so preventing it, tending to ensura 
the pivservation oi the boiler was tbe aio'ptwj'n oi ftve s^^ftftsa. 
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g-nnt. And in noticing the benefit of this he draivs nt- 

mCion to the fact tiiat the ^Vn^s of a boilet connected ivith tho 

lawing-out apparatus are, as a rule, very generally uncared for. 

VGieat careleaanesa/' he sajs, '' is frequently eviaced with reBpept 

jt Mow-oat taps and valves, and eaaea are Dot wanting in which 

lecklessness has been displayed. The apparatus 

dly used consists of slides^ mushroom valves, wing valvee. 

With respect to sluices or slides, the experience ia that 

J work freely, but they will not always close perfectly, so that 

'a fact does, at times happen that they are acciden- 

y left open. The eafety of the boiler is thus imperilled, as 

" s brought down very rapidly. It sometimes occure. 

that they cannot be closed, owing to the sediment becoming 

i in the bottom of the slide or sluice boxes. The musli- 

alve is readily opened and permits a free escape, but it is 

>nnd that particles of ecale blown out with the water ai- 

Jly prevent the reseating of the valve, which has frequently 

I their disuse. The moat satisfactoiy is the wing valve, 

B found to work in an efficient and regular maitner. The 

f cast'iroQ taps ia to bo deprecated ; they often corrotle, and, 

ing fast, are utterly useless. Those made of cast-iron in the 

1 brass in the plug are liable to draw back in working, 

jr often give trouble in consequence of thij unequal expan- 

f the metals. They are generally difficult lo close if opened 

1 steam is up, which jeopardises the furnace crowns, so that 

6 each taps are fitted their use is frequently limited to the 

isional emptying of the boiler, The descriptiun of taps found 

e the most satisfaction in general use are thoso made whol- 

f bra«s both ia the plug and shell, and fitted with glands and 

Tliero is a greater safety in their use than in that of 

uion plug tap, in which the fastening often gets loose, and 

ing the plug fiiea out, severe scalding being the result. 

t-iron taps havii^g the plug and shell hushed with brass are 

ind to work well, although it is a question whether, on the 

inle, they are more economical than those made of brass throngh- 

I/iDg levers for opening and closing the ts^'s should be 

I, OS they strain them and often lead to fracture. The ar- 

mgemeiit for carrying off the water too, is often very inefficient ; 

r waste pipe sbonid always be attacliei, o^.Wwwa'i.Va y""^- 
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lability of a scaldinj; will militate against the proper nee of t; 
apparatus, or when used will lead to the corrosion of the boilea 
plates by the saturation of the setting. 

" Anuther ready method of preventing incrustation 13 by blowiuj 
out the BDuni from the aurface of the water by means of a b< 
pipe before it has an opportunity of settling. Tlie Bystem 
long been used in marine boilers, and there is no reason why il 
should not b« generally adopted in stationary boilers. The pip» 
about to be described is stated by Mr. Fletcher, chief engineer a 
the Manchester Boiler Associatiau, to have been designed for tin 
use of the members, and to be in use in many boilers with greal 
success. In some instances boilers, after a montli or sis weeke^ 
work, used to be coated with a heavy muddy deposit, whoreni 
they are cow perfectly clean. The description of pipe adoptee 
is about tiiree or four inches in diameter, having a wing cast o 
each side so as to form a trough throughout the entire length ( 
the pipft This pipe is carried within the boiler from one end t 
the other, being made in any convenient lengths for introductioa 
at the man-hole. On the top it is perforated longitudinally with 
small holes, the aggregate area of the whole number of the holel 
being equid to that of the pipe itself. Tlie top of the trough tl 
placed a few inches below water level, so that the scum may flow 
over it, when, being guarded from disturbance by ebullition, il 
deposits in the still water above the trough the eedimenlary f 
tides held by it iu mechanical cumbination. By means of a tap 
which communicates with the scum-pipe, and which is ftxed to 
the front end plate of the boiler, the deposit may be blown oub 
as often as necessary, which should he about every two hours 
during ebullition. The tap should be about two inches in dia« 
meter, made entirely of brass, fitted with a gland, and having'! 
vmsught-iron waste pipe attached. The waste pipes from the 
glass water gauges may be connected with it, being led directly 
under the dead plate, which makes a compact arrangement, 
most convenient place to fix the scum-pipe is at the side of thi 
boiler rather than in the centre, as in the latter pMition it i 
more easily fixed, and offers less obstruction to getting inside thg 
boiler. The foregoing scum-pipe is simple in construction, t 
affonh a large collecting area; it has another strong point in 
liivoui; it ia not the " ' ' * o£ a ■patent, bo oaa\« "Qawi"^yns«i 
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of royalty being asked thereon. There are, however, other 
in operation which are subject to patent right One of 
consists of a series of vertical tubes, which are lised in the 
itre of the boiler. Each tube terminates iu a trtunpot mouth, 
which a vertical telescopic movement is given to allow for the 
langea of water level, the niovement being effected by a copper- 
"' float, BO that the mouth of the pipe is kept immediately be- 
the surface of the water in close proximity to the scam, 
lis, aiid other arrangements of a similar character, are found tn 
It satisfactorily. 

ineruHtation is sometimes formed under peculiar circuni- 
ices, and cannot be entirely removed by the blowing-out ap- 
itQ3 alone. In general a small quantity of carbonate of soda 
itrudiiced into the boiler is found to have a very wholesome 
it, but soda shonld only be used in boilera provided with a 
Q-pipe, as otherwise the soda, combining with the grease in 
boiler, produces foaming in the water, which leads to prim- 
"We have previously stated our views with regard to 
liler compounds,' and we find the general testimony to be 
inat tbem. As a rule they are found to be expensive, some 
less, and others injurious. It would, however, be unfair to 
close the question with such a general sweeping condemnation, 
when exceptions do here and there crop out. But these excep- 
tions are very rare, and only become such by the compound be- 
used in oases to which it is specially applicable, and not as an 
iiscriminate remedy for corroaiim or incrustation. One instance 
iflicacy of a boiler compound which has come under otir 
ice is that of the boilers at the Phcenix Iron Works, Manohes- 
belonging to MeHsrs. Elce. The water used is drawn hoiii 
the Ashton canal and is strongly acidulated, giving much trou- 
ble. After several months' use of a boiler compound ("Wood and 
Hall's) it is stated that a very successful result ensued. One of 
IB principal ingredients in this compound is a strong caustic al- 
", which converts the acid in the water to a sulphate of soda, 
lime, from which the acid has been liberated, falling as a 
'dor to the bottom of the boiler to be blown out, or being 
led off by the acum-pi]je or other meana There are a few 
compouDits well spoken of, but in any case the utmost ca.u- 
tkl be obaerred in their use. The ado^fen oi WwWa 
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^M condensers, although an expense at fiist, will nevertheless prove 

H^ of incalculable benefit in the end, besides ofEecting a great Bavinf 

H in water rates and in fuel But a step in advance of this is thi 

H apparatus M. JEhnile Martin substitutes for the surface condensei^ 

H which has been so recently noticed in our columns (Feb. 17, p, 

H 100) as to render description here unnecessary, It suffices to 

V say that M. Martin separates the salts held in solatioa in tha 

feed water by the aid of superhoated steam, the deposit ot seals 

taking place in a chamber connected with the boiler instead o£ 

in the boiler itself By this apparatus the surlace condenser JA 

in effect superseded." 

31. On tlte me of Soda in Boiler Incmalation. — In last para^ 
graph the reader will have noticed the reference made to the us« 
of this substance. In a subsequent article in the same magazins 
(Mechanics', under date May 20th. 186S) the following remarks 
were given along with others — for which, however, we have nn« 
fortunately do space — in connection with the subject, " Of alt 
the numerous chemical substances that have been brought into 
nse against the calcareous incruatatioas of boUers, the aom- 
raon soda of commerce has been the most extensively em- 
ployed. It enters into the composition of must of the patented 
boiler nostrums, and is probably almost always the most usefnli! 
ingredient in them. It is one of the cheapest of chemicals ; leav^ 
ing no injurious action upon iron ; being also perfectly barmlew 
to the human system (unliie those highly poisonous Bubstanoe% 
arseniate of soda and oxalate of potash, the former of which Las 
been patented); and it has, finaUy, the peciihar merit of doing 
several services to the feed water at one and the same tima ffo^ 
only does it decompose the sulphate of lime, and neutralise ajxj 
free acid that might be present in the water, but it also serves to 
destroy any greasy matter possibly present, the injurious effect^ 
of which are scarcely to be doubted. The only precaution that; 
need be taken in using carbonate of soda is to avoid having ^ 
large excess in the boiler, as it may then act injuriously upon tha 
engine-packing. 

" Although sulphate of lime is comjjaratively but little solu- 
ble — 100 parts of water at 77 deg. Fahrenheit dissolving only 
0-36i parts of sulphate of lime, whereas, of common salt, for ii 
i irater djsBolv&i mora than one-ftuii \.\a \)e\^\i — iS. -s 
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' yet be pTocticHlly considered as the only crust-forming aubetaaco, 
as i\s cryBtallioe form and hardnosa induce tbe firm caJcing to- 
gether of all the other dibrin, even when it is present in small 
quantity, there are practical proofs that no hai'd incrustation is 
formed when it is absent, except under very peculiar cireum- 
etaoces. It is present in sea water, and in most fresh waters, and 
begins to be deposited as soon as the water in the boiler has 
reached a certain d^ree of density, or, in high pressure engines, 
at a pressure of but two atmospheres, or 12i deg. Centigrade. 
Now, besides carbonate of soda, there are only two substances 
wbicb can bo practically employed for the decompoaition of this 
injnrioaa salt, viz., carbonate of potash and chloride of barium, 
but tbey are both much dearer. These facts are the plainest 
evidence of the value of carbonate of soda against boiler incrus- 
tations. Mr. L, E. Fletcher, the chief engineer to the Manches- 
ter Association for the Prevention of Steam Boiler Explosions, in 
hia report for January 1863, saya; — 'The use of soda for the 
prevention of incrustation is found of considerable advantage anil 
increasingly adopted.' He adds in conclusion that ' thei« are 
but few cases of incrustation which the use of soda, combined 
with regular blowing out from the surface of the water, will not 
obeok.' It is not easy to determine the amount of soda ref[uired 
to exactly decompose all the sulphate of Kme in the feed-water, 
Mr. J. E. Napier, in a paper read before the Glasgow Philoso- 
phical Society in 18S8, states that he analyses the feed water to 
aRcertaiii the amount of sulphate of lime per gallon, and then 
calculates the amount of carbonate of soda requisite to eicactly 
DeatraLse the sulphate of lime in the water taken per day. He 
keeps it dissolved in a small iron tank placed above, and com- 
municating with, the boiler by means of a syphon or tap so ar- 
ranged as to run the soila liquor in gradually whilst working, so 
that there is never an excess of carbonate of soda present. It is 
not^ however, always easy to have an exact quantitative estima- 
tion of the amountof sulphate of lime in the water. The follow- 
ing plan, recommended by Mr. Spence hoforo the Manchester Li- 
terary and Philosophical Society, may therefore be more accepta- 
ble to the practical maa A small vessel, capable of containing 
about two gallons of water, lb placed on the suction portion of 
|ip»teirfipa by which the bailer is euppUbd, a,iui & ^v^ (^ 
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half an inch in diameter communicatea from tlie wuter-pipe tfl 
this vessel. Eyery day the boiler maE puts into this vessel from 
to one and a half pounds of soda ash. In feeding the boilei 
the Hremiin turns the small cock, when in three oi four mi 
all the Bolution is taken up and passed through the feed-pump; 
This is repeated daily, and the consequence' ie that not the slight-, 
est incruatatioa ia formed Mr. Fletcher, in the report previously 
alluded to, also says, ' The soda is better introduced in small re- 
gular doses than in large infrequent doses. In many cases there 
might be litted to the suction-pipe of the feed-pump a funnel 
mouth, by means of which the requisite charge could be intro- 
duced into the boiler without difficulty ; its rate of ingress 1 
ing regulated by a tap between it and the auction-pipe. In 
many cases a separate feed-pump baa been adopted, fitted with a 
small cistern containing a day's supply, and this arrangement ha» 
been found to vork most satisfactorily.' 

" The next purpose for which carbonate of soda is very useful it 
for neutralising any free acid which might lie present in the feed- 
water, and which would cause a very destructive corrosion of tha 
boiler, not only by simply attacking the iron, bat possibly also by 
inducing a voltaic action between the non -homogeneous parts o 
tlie boiler plates, upon the principle lately pointed out by Mr.' 
Paget. 

" Perhaps the only chemicals (besides carbonate of soda) in 
mon use, against boiler incrustations, which have at leaat the 
merit of being certainly perfectly innosious to the iroa, are- 
chloride of barium, which decomposes the sulphate of lime, and 
ia employed on the continent, but is at present too expensive 
here in England for practical usej and hme (Dr, Clarke's lime 
process), which is employed at several waterworks, but can only 
be used for purifying the feed-water from carbonate of lim& 
preaious to its introduction into the boiler. 

" The average price of commercial carbonate of soda is about 
eightpence per pound; white soda ash is but little inferior 
use in steam boilers, although it contains more of the nsual im- 
purities, such OS sulphate and chloride of sodium; the price 19 
sixpence per pound. Larger quantities would, of courao, be 
cheaper. In conclusion, it may perhaps be expedient to remark 
iliat, injarious as nn incrostatiou leaUj la, \\. MmaMvmea *^ 
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been pursued by one of the London water corapauios for many 
yeara with perfoct sacceaa. Mahogany sawdust has been em- 
ployed with advantage fur the same purpose as the oak logs. It 
acts in two waya — first, mechanically, by otfering bo many small 
points on which the oarTDOnato and sulphate of lime may be de- 
posited, and secondly, by a peculiar action of the extractive 
matter in the wood. This appHes more particularly to oak, espe- 
ciaLy when green, in which state it should be used. In Uorth 
Wales the water used in boilers is oiteu perfectly green, and oak 
sawdust is administered in considerable quantities. Chloride (jf 
ammonium will convert the lime salts into soluble compounds, 
viz., sulphate and carbonate of ammonia, and chloride of calcium ; 
but in practice its use has not been very successful, owing to the 
sal ammoniac and ammouiacal salts acting on the faraas-work. 
Where the action of a cure is only partial, as is the case with 
some boiler fluids, the remedy is worse than the disease^ Por 
instance, in some boilers at Woolwich supplied with Thames 
water, a certain composition was used in the hope of preventing 
incrustation. It was found that the composition only acted upon 
the lighter portion of the sediment, leaving untouched the heavier 
and harder portion, which, thoi^h forming a much thinner de- 
pcsit, was neveitlieless impenetrable to the water, whilst, on 
leaving the lighter and the heavier ingredients undisturbed, they 
were found to fonn a porous substance through which the water 
could reach the plates. 

" Prevention is at all times better than cure, and under ordi- 
nary circumstances, where the construction of the boiler does not 
insure immunity, the most practical plan for the prevention of 
incrustation is the adoption of an efSctent mode of blowing-out 
A more complete remedy, however, exists in the adoption of what 
is termed dry, or surface condensation. But the benefits to be 
derived from judicious blowing-out are not generally realised, or 
there would not be the irregularity there is in the use of the 
blow-out apparatus. To be effectual in its operation it should 
led at regular intervals during the day, the best time being 
whenever the engiue is not at work and the water therefore at 
Under these conditions the sediment has an opportunity 
of settling, whereas at other times it will he held in suspensLou 
by the rising bubbles of steam, when blowln»-tro.^ 'w^'Xw «aw.' j 
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i* not carbonate of lime, fir that ia insoluble, and the afiaiiming 
of that form causes all the difficulty. We must, therefore, look 
B other combination, for every new combination of clicnii. 
cal utuma has diffei'snt I'esulta, and ihaan atomii, accoi'ding to Ij 
luthurity, unite in definite proportions, and not otherwise ; henoi 
jne atom of lime anited with one atom of carbonic acid will fori 
carbonate of lime (insoluble). If one atom of lime unite witi 
two atoms of carbonic acid, it will be aupe^ carbonate of lime, I 
substance that ia soluble, and which, we contend, is the true c 
dition of lime in hard water. 

" Limestone ia carbonate of lima By being burned ii 
lime-kiln is is deprived of its carbon, and its water of cryatalli" 
ind becomes quick-lime. It then seizes upon a ceitaia 
quantity of water or carbonic acid wherever it may come ii 

«ith them, or either of them. Now, take a small quanti^p 
of quicklime, either dissolved in water or otherwise, and put il 
on hard water, and it will immediately seize upon thf 
surplus carbon of the supercarbonate of lime, and reduce all the 
lime in the vater to carbonate of lime, which will be insoluble^ 
»ill immediately fall to the bottom of the vessel, leaving 
the water as pure as water can be ; hence the impossibility of il^ 
coating a boiler, It only requires two tanks or tuba for watery 
that one may be settled while the other is fflled, or, if the en- 
gine ho supplied from a well, and worked only in the daytim% 
the lime may be put in the well itself of an evening, and it will be 
settled before morning. The quantity of lime proper to be usedi 
can. be tested hy litmus paper. If there he a small surplus quao-' 
tity of lime it caimot injure the boiler. 

" To remove incrustations in a steam boiler, I have chosen: 
Btill-slop, an article not heretofore used. It costs but little, audi 
CEjntains a large quantity of vegetable acid, whicli is not severq 
on iron. I do not claim the discovery of any new chemical prin> 
ciple. I have long been aware that vegetable acids would de~i 
compose carhouute of lime. I am also aware that quick-lims 
has been used to break what is called hard water ; but I do. 
claim the right to use or employ known materials for a purposft 
which is new and useful, whe.n such appliance has never been 
nuthoriaed, patented, known, or published What, therefore, I 
I f/asuK to secure by Jetteia patent ia \.\ve Mac oS 6\.^-dflft too 
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blowing-uut. And in noiicing the banefit of thia he draws at- 
tention to tbe fact that ihe fittingt oi & boiler connected with the 
blowing-out appamtus are, as a rule, very generally iincured for. 
" Great earelesaness," he says, '' is frequently evinced with respei^t 
to blow-out taps and valves, and cases tire not wanting in which 
a criminal recklesanesa has been displayed. The apparatuB 
generally used consists of sUdea, muahroom valves, wing valves, 
and tape. With respect to sluices or slides, the experience ia that 
they work &aely, but they will not always close perfectly, bo that 
it may, and in fact does, at times happen that tbey are acciden- 
tally left open. The safety of the boiler ia thus imperilled, as 
the water is bcought down very rapidly. It sometimes occurs, 
too, that they cannot be closed, owing to the sediment becoming 
lodged in the bottiim of tbe shde or sluice boxes. The mush- 
room valve is readily opened and permits a free escape, bnt it is 
often found that particles of scale blown out with the water ef- 
fectually prevent the reseating of the valve, which has frequently 
led to their disuse. The most satisfactory is the wing valve, 
which is found to work in an efficient and regulur manner. Tbe 
cse of cast-iron taps is to ho deprecated; they often corrode, and, 
sticking fitst, are utterly useless. Those made of cast-iron iu the 
shell and brass in the plug are liable to draw back in working. 
They often give trouble in consequence of thri unequal expan- 
sion of the metals. They are generally difficult to close if opened 
when steam is up, which jeopardises the furnace crowns, so that 
where such taps are fitted their use is frequently limited to the 
oocaaional emptying of the boiler. The description of taps found 
to give the moat satisfaction in general use are those made whol- 
ly of brass both in the plug and shell, and fitted with glands and 
packed. There is a greater safety in their use than iu that of 
the common plug tap, iu which the fastening often gets loose, and 
on opening the plug flies ant, severe scalding being the resrili.. 
Costriron taps having the plug and shell bunhed with brass are 
foujid to work well, although it is a question whether, on the 
whole, they are more economical than those madeof brass thruugli- 
out. Long levers for opening and closing the taps should be 
avoided, as they strain them and often lead to fracture. The ar- 
rangement for carrying off the water too, is often very inefficient ; 
[ S4ste-pi{)e ehoulil always be attached, otbfiiw'i&a X'^ V'^' 
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bability of a BcaltUnjf will militate against tlie proper use of t! 
apparatus, or when used will lead to the corrosion of the boil€i 
plates by the saturation of the setting. 

" Aimtber ready method of preventing iiicrustatioii is by hloi 
out Che scum from the surface of the water by means of a scaiq< 
pipe before it has an opportunity of aettliag. The systen 
long 1>eon used in marine boilers, and there is no reason why i| 
should not be generally adopted in stationary boilers. The pipe 
about to be described is stated by Mr. Fletcher, chief engineer Q 
the Manchester Boiler Association, to have been designed for tlq 
use of the members, a&d to be in use in many boilers with g 

In some inetauces boilers, after a mouth oi 
work, used to be eoated with a heavy muddy deposit, wboreaa 
they are now perfectly clean. The description of pipe adopted 
a about three or four inches in diameter, having a wing cost on , 
each side so as to form a trough throughout the entire length of- 
the pipe. This pipe is carried within the boiler from one end t»' 
the other, being made in any convenient lengths for introduction 
at the man-bole. On the top it is perforated longitudinally witt 
small holes, the aggr^ate area of the whole number of the bola 
being equal to that of the pipe itself. The top of the trough ii 
placed a few inches below water level, so that the scum may floU 
over it, when, heing guarded from disturbance by ebullition, it- 
deposits in the still water above the trough the sedimenlaij par- 
ticles held by it in mechanical combination. By means of a tag 
which corarannieatea with the scum-pipe, and which is fixed t 
the front end plate of the boiler, the deposit may he blown out. 
as often as necessary, which should be about every two hours 
duiing ebullition. The tap should be about two inches i 
meter, made entirely of brass, fitted with a gland, and having "ft 
wrought-iron waste pipe attached. The waste pipes from thfr 
glass water gauges may be connected with it, being led directly' 
under the deati plate, which makea a compact arrangement. 

, most convenient place to fix the scum-pipe is at the side of tittt 

)ihoilcr rather than in the centre, as in tlie latter position it jj 
'jre easily fixed, and offers less obstruction to getting inside thj 

writer"". The foregoing scnm-pipe is simple in construction, an; 

heat way^ large collecting area; it has another strong point in il 
' tba mlgeot of apjiteni^ao can be i: 
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fcac tif royalty being ssked tlierwn. There are, however, other 
plans in operation wldoh are Bubject to patent right One of 
these conaists of a series of vertical tubes, whicli are lixed in the 
centre of the boiler. £ach tube terminates in a trmnpet mouth, 
til which a vertical telescopic movement is given to allow for the 
changes of water level, the movement being effected by a copper- 
ball float, so that the mouth of the pipe la kept immediately be- 
low the surface of the water in close proximity to the scum. 
This, and other arrangements of a similar character, are found to 
answer satiafactiirLly. 

" But incrustation is sometimes formed under peculiar uirouui- 
Btances, ami cannot be entirely removed by the blowing-out ap- 
paratus alone. In general a small quantity of carbonate of soda 
introduced info the boiler is found to have a very wholesome 
effect, hut soda should only he used in boilers provided with a 
8cnm-])ipe, as otherwise the soda, combining with the grease in 
the boiler, produces foaming in the water, which leads to prim- 
ing. "We have previously stated our views with regard to 
' boiler compounds,' anil we find the general testimony to be 
agaiust them. As a rule they are found to be expensive, some 
useless, and others injurious. It wonld, however, be unfair to 
close the question with such a geneml sweeping condemnation, 
when exceptions do here and there crop out But these oxcep- 
tiona are very rare, and only become such by the compound be- 
ing used in cases to which it is specially applicable, and not as an 
indiacriininate remedy for corrosion or incrustation. One instance 
of the efBcacy of a boiler compound which has come under our 
notice is that of the boilers at the Fhcenix Iron Works, Manches- 
ter, belougiug to Messrs. Elce. The water used is drawn fi-om 
the Asbton canal and is strongly acidulated, giving much trou- 
ble. After several months' use of a boiler compound ("Wood and 
Hall's) it is stated that a very successful result ensued. One of 
the principal ingredients in this compound is a strong caustic al- 
kali, which converts the acid in the water to a sulphate of soda, 
the lime, from which the acid has been liberated, falling as a 
powder to the bottom of the boiler to be blown out, or being 
carried off by tlie scnra-piiie or other means. There are a few 
cither compounds well spoken of, but in any case the utmost cap- 

Q Bhonld be observed in their use, Tho adoption oi wxAwft' i 
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condensers, although au exxwnae at lirst, will neverthelesa pro^ 
of incalculable benefit in the end, beaidea effecting a great 
in water rates and in fuel But a step in advance of this is tiifc 
apparatus M. Bmile Martin substitutes for the surface eondensffl^ 
which has been so recently noticed in our columns (Feb. 17, p,' 
100) as to render description here unnecessary, tt suffices ta 
say that M. Martin separates the salts held in solutioa in UlB' 
feed water liy the aid of superheated steam, the deposit ot seals' 
takiu)} place ia a chamber connected with the boiler Instead of] 
in the boiler itself By this apparatus the surface 
in effect superseded.*' 

21, On t/ie nee of Soda in Boiler Incrusfalion. — In last pams 
graph the reader will have noticed the reference made to the 
of this substance. In a subsequent article in the s[ 
(Mechanics', under date May 20th, 1865) the following rematlCK 
were given along with others — for which, however, we have 
fortunately no space — in connection with the subject. " Of dK 
the numerous chemical substances that have been hrought 
use against the calcareona incrustations of boilers, the i 
iDon soda of commerce has been the most extensively 
ployed. It enters into the composition of most of the pateni 
boiler nostrums, and is probably almost always the moat 
ingredient in them. It is one of the cheapest of chemicals ; leai 
ing no injurious action upon iron ; being also perfectly hanutei 
to the human system (unlike those highly poisonous substatu 
arseniate of soda and oxalate of potash, the former of which " 
been patented); and it has, finally, the pecuUar merit of 
several services to the feed water at one and the same time. 
only does it decompose the sulphate of lime, and neutralise 
fi-ee acid that might be present in the water, hut it also aerv' 
destroy any greasy matter possibly present, the injurious 
of which are scarcely to be doubted. The only precaution tbl 
need be teken in using carbonate of soda is te avoid having 
large excess in the boiler, as it may then act injuriously upon ll 
engine-packing. 

"Although sulphate of lime is comparatively but little sol 
—100 parts of water at 77 deg. Fahrenheit dissolving on 
>4 parts of sulphate of lime, whereas, of common salt, for i: 
y water dissolvea more than one-third ite weight — A i 
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yel be pmcticnllf coaeidered as the only crust-forming subatance, 
as its cryetalline form and hardaees induce the firm caking to- 
gether of all the other debris, even when it is present in small 
quantity, there are practical proofe that no hard incrustation ia 
formed when it ja absent, except under very peculiar circum- 
stances. It is preaent in sea water, and in moat fresh waters, and 
begins to be deposited aa soon as the wat^r in the hoibr liaa 
reached a certain degree of density, or, in high preaaure engines, 
at a pleasure of but two atmospheres, or 124 deg. Centigrade. 
Kow, besides carbonitte of soda, ihere are only two substances 
whiuh can bo practically employed for the decomposition of this 
injurious salt, ™., carbonate of potash and chloride of barium, 
hut they are both much dearer. Theae facts are the plaineet 
evidence of the value of carbonate of soda against boiler incrus- 
tations. Ml'. L. E. Fletcher, the chief engineer to the Manches- 
ter Association for the Prevention of Steam Boiler Esplosions, in 
his report for January 1863, says: — 'The use of soda for the 
prevention of incrustation is found of considerable advantage and 
increaaingly adopted.' He adds in conclusion that ' there are 
but few cases of incrustation which the use of soda, combined 
with regular blowing out from the surface of the water, will not 
check.' It is not easy to determine the amount of soda required 
to exactly decompose all the sulphate of lime in the feed-water. 
Mr , J. K. Napier, in a paper read before the Glasgow Philoso- 
phical Society in 1858, states that he analyaea the feed water to 
ascertain the amount of sulphate of lime per gallon, and then 
calculates the amount of carbonate of aoda requisite to exactly 
neutralise the sulphate of lime in the water taken per day. He 
keeps it dissolved in a small iron tank placed above, and com- 
nmnicating with, the boiler by means of a syphon or tap ao ar- 
ranged as to run the soila liquor in gradually ■whilst working, so 
ttLat there is never an exceas of carbonate of aoda present. It is 
not, however, always easy to have an exact quantitative estima- 
tion of the amount of sulphate of lime in the water. The follow- 
ing plan, recommended by Mr. Spenis before the Manchester Li- 
terary and Philosophical Society, may therefore be more accepta- 
ble to the practical man. A small vessel, capable of containing 
about two gallons of water, is placed on the suction portion of 
the water-pipe hy which the boiler is auppUei, aai a ■p.-ga ot . 
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half an inch in diameter communicates from the water-pipe tfl 
this vessel Every day the boiler man puts into this vessel fim^l 
one to one and a half pounds of aoda ash. In feeding the boilocl 
the fireman turns the amali cock, when in three or four minutwl 
all the solution is taken up and passed through the feed-pumpti 
This is repeated daily, aad the consequence' is that not the slight- 1 
est incTustation is formed Mr. Fletcher, in the report previoDsly J 
alluded to, also says, ' The soda la better introduceii in small K^M 
gulor doses than in large infrequent doses. In muny oases thei 
might be litted to the suction-pipe of the feed-pump a fonn 
mouth, by means of which the requisite charge could be i 
daced into the boiler without difficulty ; its rate of ingress I 
ing regulated by a tap between it and the suction-pipe, 
many cases a separate feed-pump has been adopted, fitted with' 
small cistern containing a day's supply, and this arrangement h 
been fomid to work most aatisiactorily,' 

" The next puipose for which carbonate of soda is very ttsefiil i 
for neutralising any free acid which might be present ii 
water, and which would cause a very destructive ci 
boiler, not only by simply attacking the iron, but possibly also hj? 
inducing a voltaic action between the non-liomngeneoua partu a 
the boiler plates, upon the principle lately pointed out by V 
Paget, 

" Perhaps the only chemicals (besides carbonate of soda) in oob 
nion use, against boiler incrustations, which have at least U 
merit of being certainly perfectly innoxious to the iron, arfr- 
chloride of barium, which decomposes the sulphate of lime, be 
is employed on the continent, but is at present too expenmi 
here in England for practical use; and lime (Br. Clarke's lin 
process), which is employed at several watenvorfe, but can oaJ 
be used for purifying the feed-water from carbonate of lini 
previoiu to its introduction into the boiler. 

"The average price of commercial carbonate of soda is abo< 
eightpencB per pound; white soda ash is but little inferiot fi 
use in eteom boilers, although it contains more of the usoal is 
pittities, snch as sulphate and chloride of sodium; the price 
sixpence per pound. Larger quantities would, of course, 1 
cheeper. In conclusion, it may perhaps be expedient to remu 
.Uia^ iiyurioua as an incrustation really is, it sometimes m 
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to benefit the internal Burfaco ol' the boiler by partlj preserving 
it from direct contact with the water, and the consequent mating ; 
whereas a clean and, consequently, unprotected boiler-plate, na- 
turally auooumbs more or leas to the continual action of tlie water, 
and gets to a certain degree corroded internally. Some peraoiia 
have, in eonuequence, anruasonably thrown the blame on the soda. 
It is, therefore, necessary to point out that this ahght oxidation 
is most probably always nothing but the inevitable effects of 
WERT and tear, and cannot be compared with the loss of from 20 
to 70 per cent of heat, the red hot and burnt ]dates, and the 
hundred and one other injuries and losses incurred by incrus- 
tations." 

22. American Plan for preventing Iiwrustaiion in Bailpre. — 
An American gentleman of the name of Mr. Davis Erabree, of 
Dayton, Ohio, has presented to the Patent Commissioners of this 
country his Specification, with a request that " it might be pub- 
lished in the uaual course of business." The following is the Speci- 
fication referred to. " The groundwork of my invention, or rather 
application, 1 conceive to ba founded on sound chemical princi- 
ples. That lime is the basis of all incrustation iu steam boilers. 
That it is generally found to be carbonate of lime or limestone. 
That it assumes the form of oryatals. That it is insoluble in wa- 
ter. That particles of the same kind, in the formation of eryetala, 
unite with each other, adding to the mass first formed or fixed. 
Incrustation of boilers may be dissolved by an acid whicix has 
stronger affinity to lime than carbonic acid has; the lime and 
such acid will unite, generally' forming a compound that ia solu- 
ble, and cannot coat a boiler, while the carbon passes off in form 
of carbonic acid gas. Inoruatatioa can also be removed by an 
alkali that has a stronger affinity for carbonic acid tlian hme has ; 
such alkali uniting with the carbonic acid leaves the lime in a 
pure state, which is soluble in a sufiioient quantity of water, and 
cannot coat a boiler ; the compound of such alkah with carbon 
will also generally be found soluble. To prevent incrustation in 
steam boilers, one other mode may be resorted to, — that of 
thoroughly boiling the water before it enters the steam boilers. 
These are the only means known to accomplish the object desired. 

" There are but few persons aware of the exact condition iu 
i. li^k^ is held in solution in what is called \ia.Td. 'vaXAi. 
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i not carbonate of lime, for that is Inaoluble, and the t 
of that farm citugBa all the difficaltj. We must, th.erefora, loa 
tu sume othor cumbination, for every new corabination of chen 
cal atoms has different results, and these atoms^ accoidiag to Id 
aiithurit;, unite in defimte proportions, and Dot olherwiae; bene 
one atom of lime united with one atom of carbonic acid will fon 
carbonate of lime (insoluble). If one atom of lime unite wit 
two atoma of carbonic acid, it will be enper-carbonate of lime, 
substance that is soluble, and which, we contend, is the true a 
dition of lime in hard water. 

"Ximestune is carbonate of lime. Hy being borued ir 
lime-kiln is is deprived of its carbon, and its water of ciystalli 
sation, and becomes quick-lime. It then seizes upon t 
quantity of water or carbonic acid wlierever it may come in ouH 
tact with them, or eitliei of them. Sow, take a email quoutit 
of quick-lime, either dissolved in water or otherwise, and put i 
in common bard water, and it will immediately seiite upou tb 
surplus carbon of the supercarbonate of lime, and reduce all tin 
lime in the water to carbonate of lime, which will he iiisolabid 
and will immediately fall to the bottom of the vessel, leavii^ 
the water as pure as water can be ; iience the impossibility of it 
coating a boiler, It only requires two tanks or tubs for wab 
that one may be settled while the other is filled, or, if the e 
gine be eupphed from a well, and worked only in the daytimO) 
the hme may be pot in the well itself of an evening, and it will bi 
settled before morning. The quantity of lime proper to be u 
can be tested by Htmus papej. If there bo a small surplus quwl 
tity of lime it cannot injure the boiler. 

"To remove incrustations in a steam boiler, I have choM 

etdl-Hlop, an article not heretofore used. It costs but little, ai 

contains a large quantity of vegetable acid, which is not sevei 

on iron, I do not claim the discovery of any new chemical pri: 

Ciple. I bave long been aware that vegetable acids would d 

compose carbonate of lima I am also aware that qnick-lin 

I been used to break what is called hard waterj but I i 

|j(jauii the right to use or employ knowa materials fur a 

I wliich is new and useful, wbe.u such appliance has never I 

I nathorised, patented, known, or published. What, therefore, '. 

's-ta secure by letters patent ia tlie use of slUl-slop to p 
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vent or remove incruatation by lirao iii ateam boilera, and the use 
of qnick-Ume in the mannur heroin substantially set foitli to pre- 
vent such incruetatioD." 

23, Novel Plan to premnt Inci-udiiUon in Boilers. — The 
following letter has been addresseU to tlie edit-ir of a London 
Magazine ; — " Sir, — I do not know a subject of greater interest 
to this country than the artide on the Incrustation of Steam 
Boilers, so ably given in your last week's magazine. The fact ie, 
steam is beuoming of such paramount importance in every branch 
of inJastry that a simple efficacious plan for keeping boilers 
clean would be invaluable. 

"Like every engineer connected with mines, I have had my 
difficulties with dirty water, aud can fee! for others in the same 
trouble. What I found best was the trays inside and blowing 
ofl' a little often when the pressure was well up, and cleaning oiit 
every fortnight. This is a standing rule at most mines. 

" Some time ago I had a thirty-hnrse engine to lix at a lai^e 
mill in London, and certainly the water in the well was the worst 
I ever saw. I advised the parties to make arrangements with 
the water company, if possible ; however, they could not come 
to terms, aud so I was compelled to do something to get over the 
difficulty. It struck me at the time that, if I could boil the water 
sufficiently before pumping it into the boiler, it would fix a great 
deal of the solid matter. 1 accordingly had a tank made, 6 ft, 
long, 2 ft. deep, and 3 ft. broad, watertight, with a manhole on 
the top; the water inside was supplied from a cistern with a 
ball-tap, so as to keep the water 9 in. from the top ; the exhaust 
steam from the engine played right on the top of the water 
and kept it boiling all day ; two pipes conveyed the steam up 
through the root The effect waa this, every week there was a 
slab of stone formed on each side of the tank, one inch and a 
half thick, which made it very dilficult to break and get out at 
the man-hoie, but with very little blowing off it saved the boiler. 
All 1 can say is that it is the best and simplest plan that I know, 
aud one every engineer can adopt at a small expense. I raay 
just mention that the water was so foul with the finest sand that 
strainer would keep it from coming tlirough the pump. 

" J. W." 
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24. Miscellaneous Note* on Boilers — Explosions, ^c, ^ 
■~OareleesneM in Bailer Manayenu^nl. — In an artdclo i 
" Offieial Boiler Explosions " the Engineer, under date Ji 
uaiy 20, 1865, referring pointedly to a aerioue accident, invoN 

g the loaa both of lil'e and property, which resulted from th 
testing of a, locomotive boiler iu the repairing Bbed at the Ore 
Northern Railway works at Peterborough, in which the teat wa 
"patting it under the pi'eseure of 125 lb. steam — the usual pre< 
Bure employed on such ocoasiona being 130 lb." — thus remarks 
" But the idea of trying this boiler with steam ! Regarding onl 
the eventual safety of the passengers, it is clear that, in commoi 
prudence, such a test must be necessarily kept very low, eepA- 
ially aa it is the common opinion with engineers that, pi 
for pressure, steam strains a boiler more than water. 

" Bow, we should like to know of what earthly use is all tbaj 
talking or writing in the world gainst sucb recklessness aa thia 
— a recklessness equal to carrying out an operation, wbioh coo* 
sists in exploding a boiler in the repairing shed, to see whethei 
it will not burst when put on the line. Of what use are ail tbfl 
newspaper writing, all the juries, all the Gorernment inspecton^ 
in the world, if these things can be carried on in the broad l^ht 
of day ? We simll again have the usual elaborate coroner's i 
qniry, tlia usual Government inspector's report, and the usnat 
number of newspaper articles — and all again to no purpose, 
fiict, this case, however flagrant in reality, will be forgotten much 
sooner than any other incident of railway slaugbtur, as the 
pie maimed are not travellers, but servants of the company. 
Compensation Act does not apply here ; even if it did, tliese worli 
ing men could not carry forwarf a costly suit. As to the ra" 
lives of those killed outright, the company is probably quite si 
against actions for damages by them. English law is, in manj 
respects, so complicated — legal decisions depend from so mai 
threads- — that it is difficult to pronounce with certainty upon a: 
question of this kind — especially when scientitic technicalitiaf 
add their complication to purely legal points. It is to be sup- 
posed that membeva of PaiU&ment woo.\d liot tx^ tn introduce i 
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1 intended to correct ao abuse without a legal basis of some 
Lndness ; and the bill attempted to be carried last aesBion, by 
'. Ferrand and Colonel Edwards, ' foe Compensating the Fami- 
B of Persona killeii by Boiler Explosions,' was to fill up what 
rtainly appears to he a leak in the present law. It would seem 
|at though a person merely injured by a boiler explosion through 
n at present recover damages against the proprietor, the 
Natives of a person who is killed outright cannot do so, ' al- 
though the death shall have been caused under such circumstances 
as amount in law to felony.' According to this, a boiler explosion 
in England is the lass likely to damage the owner's pockets when 
it kills the victims at once ontright, 

" The explosion at Messrs. Sharp, Stewart, and Co.'s was, at 

least to some extent, excusable. In the hrst place, an explosion 

of a new boiler through a defective plate is of very uncommon oc- 

evurence ; there ia some guarsiutee that a new boiler is safe, aa both 

aides of the plates would have been quite recently visible. No 

unexpected deteriorating influence could have been at work here. 

I Secondly, even as recently as six or seven years ago, boiler ex- 

■|itDHions were generally aacrihed to mysterious and unaooountatle 

genciea, just as the French still make a distinction between 

' 'inary explosions and exploiiorw ' fubninanfes.' Thirdly, the 

' the works showed his confidence in the boiler by 

iug present at its testing by steam. 

"It is probable that, by the time" a locomotive superintendent 
PblowQ up by one of his own boilers, we shall have a general 
' I this direction. Not one of these excuses is tenable 
I, and the whole affair must be ascribed to parsimonious or 
nless management. The great majority of these explosions 
^ due to the failure of one or more of the platea of the barrel 
jugh grooving, and as long as the greater number of the tubes 
It not drawn, these furrows cannot be soen, Now one of these 
a costs &cm 36s. to 27a., and some engines have more than 300 
When drawn, the same tube cannot be replaced, and the 
Biwing also injures the tube-plates, whioh would often require 
o that there is certainly some difSciiIty in obtaining 
bth eoonomy and safety. In one woid, the tubes last longer 
I the plates — or, rather, the plates whioh had been sound 
^ l^oilai waa la-tubed, become daugeruos m l\vft ui^wss^i. . 
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Detween a fresH re-tubiag. The only reinedius are to be found 
the adoption of weliled or of butt longitudinal joints, or of stiff* 
ening rings at the transverse joints, or both. In thia way 
deterioration of the plates through grooving cuulil nut easily i 
strip the wear of the hraas tubes. If our BUperiutendentB, io; 
stead of acliaming out patents, profitable to tlieraael 
dear in experimental detenui nation to the companies, were to giv4 
their attention to a safer boiler, the question would be soon 
tied; but there can be no safety without periodioiil internal 
mination, and this cannot be obtained without drawing at least 
portion of the tubes. Whether locomotive boilers could be 
built as to permit the withdrawal of the tubes, by making tun 
and bolted joints at tho smoke-box and fire-box, is a quest 
well worth trying. The plan has been succesafully carried 
in England for portable engine boilers, and we have seen tul 
lar boilers ou this plan on the Continent, up to 30 horse poweiJ 
But ■ even with all these precautions uncertainty will always 
as long a£ boilers are not periodically tested, and, at the aai 
time, examined internally. 

" As to testing boilers on the Great Northern plan, n 
are stroug enoiigh to express our opinion on the matter, 
makers might just as weli prove their barrels without carefuU] 
enclosing them in a bullet-proof building, or chain testers 
just as well stand by to be cut in two by the back lash of 
breaking cable. We only hope that the Great Northern C( 
pany will be treated as they deserve in the matter of compel 
tions to their injured Bervants or their survivors," 

26. Mynterio-us Boiler Expludonii. — ^Under the above title th^] 
" Scientific American" has the following. "That ateam boil* 
are long-suffering aud endure neglect and abuse without destro]^] 
ing the authors of them, is amply proved by hosts of occurrenoes] 
similar to those related below. By late Euglish r 
that a boiler in Birmingham, Eugland, which was worked frottj 
a puddling furnace, became so hot that, through waut of wateu 
the plates exposed simply bulged out ami tore away like a sheet tx\ 
pasteboard. So other results followed, and the damage ended] 
with the rupture. In another case mud accumulated in a cylindc 
boiler which caused the plates covered by it to bum oul^ w' 
the pressure witJiin merely leub the metal, tt.nd es.l,\i\%Qiahed 
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ilre; no sooner was the plate repl&ced bj a new one than a dnii- 
iar accident occurred from the same causa Another iiijurj* was 
caused by reliance upon a float for tiacettainiDg the heijjbt of wa- 
ter, although there were gage cocka in addition; the float became 
jammed, and the wftt«r waa evaporated until twelve feet of the 
boiler becarne red-hot, reaalting in great expense for repairs, 

" If th^ae boilers had bueo blown to atoms, if the surround- 
iog buildings bod been reduced to rubbish, if bundreils of huntan 
bdnga had been wounded and maimed far life, we should have the 
tiieory-tinkere on the stand a^aiu, and ' ozone ' would have been 
liwid from. We should have been told that aome myBterious agent, 
wme unknown hut tremendous force had been generated by the 
dwuraposition nf tlie water, and was the sole cause. Saturated 
KtMim diachai^d from a sound boiler into the superheated at- 
mmphere of the exploded boiler, might have been the cause. In 
thort, there would have been repeated the same fares wliich is 
i&enacted whenever a casualty of like natuie oci:ur8. 

" In the cases above cited the boilers themselves knew more 
than the seekers after myetery do. 'file one trarnt out gave way 
{imn a palpable cause, and the same neglect trauspiring shortly 
«fti!r, it failed again, showing that it vras simply impossible to 
rdst under such a combination of causes. It is so with 
all boiler explosions. Nine out of every ten can be traced to 
actual deturiuratioD from long service or misuse, and it is a dis- 
grace to the engineering profession that they should countenance 
*flbi'ts made to shroud them in mystery. The result of such vor- 
ilicte is simply to invite neglect, for if the engine-tender is given 
tu understand that a boiler will explode by causes beyond his 
ciintrol, he becomes a sort of predostinarian, and trusts to luck, 
"ben he ought to be the personification of vigilance. All the 
ntystery is the mystery of carelessness which mifjht be prevented." 

S6. Oil the Vauae of the Violenct oa-Aisionally attending the 
Bxploncm of Steam Boitera. — The following is an abstract of a 
paper under the above title in the " English Mechanic," undi-'r 
d^ea September 29th and October 6th, 18C5, "Few questions 
of practical science are aurrounded with gi'eater mystery than thn 
oiase of the violence witli which boiler explosions are sometimes 
HCCOmpimied If a cojoparatire d^ree of violence ^aa at all 

■ ' ' with the explosion of boilers, no doiM 'tVe )^^\ \ 
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of the explosion itself could be ascertained- Tliis, however, dooa 
not happen to be the case. By far the greater number of boilera 
are destroyed quietly, and without any greater manifestation of 
violence than if they were simply burst open by cold hydraulic 
pressure. This seeming paradox of eKpLosiona occurring under 
the two opposite conditions has involved the whole question of 
boiler explosion in uncertainty, It is a elngukr fact that th« 
more dangerous and formidable explosions have been known t( 
have taken place in boilers while at their ordinary working pres 
Bures, whereas one would generally be led to consider that, excep 
in cases of undue pressure, or some inherent defect in theconstruQ 
tion of the boiler, no explosion could come to pass. The majorit] 
of ordinary boiler explosions which occur unattended by any groal 
amount of percussive force or detonation are induced, no doubt 
owing to some defect which is unobserved during the construe* 
tion of the boiler, or which becomes developed while the boila 
is in process of working. It is surprising, however, to reflect fkti 
at least seven out of every ten boiler explosions which take plaoi 
are put down to some entirely metaphysical and unexplaiiKMJ 
cause. Leakage is, of course, a very frequent forerunner of the« 
catastrophes; but the forms under which leakage itself t^a 
place are very numerous, Although few have been investigate^ 
with 60 satisfactory a result as could be wished, they are euffi 
ctently marked to lead to the conclusion that their causes an 
very different. Vibration of the boUer in its bed, by causinj 
some change in the molecular arrangement of certain parts of th^ 
boiler, may often lead to openings along the rivet seams, or in tbi 
plate itself, which afterwards become enlai^ed to full and develi 
oped leakages. When the water once finds a flow through tbd 
narrowest channel, it begins a scour upon the sides of the open 
ing, tending to widen and increase the flow, and when the air vt 
reached a combination sets in between the metal, and the oxygen 
contained in the water forming an oxide which is continually 
washed away by the force of the escaping water. 

■'The orifice thpn becomes iridcned by .nuiceasive corrosions trf 
the surfaces, while a steady oxidation sets in on all the surround- 
ing paita. The same class of phenomena are also more or leas 
associated with steam leakages occurring above the water line, 
ojjif Hat in tbia case the growth, oi Uie ieafca^e ■woiii ^ acflel- 
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ntod, as the abrasion of the escaping eteato would operate upon 

*ifl sorCices of tlie metal with more force than a, leakage of wu- 

'. This does not take place at first. Owing to the compara- 

e freedom of steam from osygen, very little decomposition of 

le sur&ce of the metal would take place nnlese in the case of 

a leab^e of long duration, as the hydrogen of the steam absorbs 

'fl oxygen from the air as soon as it meets with it in the coarse and 

ection of its escape. "When condensation set^ in round the leak- 

!i, ocddatioD commences, and the leakage is consequently rapidly 

iitended. Probably in boiler engineering the various forma of 

_ I, and more especially those which result from vibration, 

"flo not meet with so much attention as they deserve. The fami- 

liu noise prodaced by a kettle may be heard upon a much more 

extensive scale in the case of a good-sized boiler in which the 

I )t«un is being got up. In the one case the waves of vibration 

1 each other so rapidly that, like the revolution of the 

latic colours on a disc, although they may not be in every 

^ the some as to duration and force, hut a single impression 

■ conveyed, being that of a uniform and prolonged sound In 

e of the hoUer these vibrations assume the character iif 

ffling concussions, each of which is perfectly distinguishable 

1 those that precede or follow it, and ve^ frequently these 

inute and innumerable shocks effect a serious modification in 

e material of which the boiler is formed. 

"There is besides a constant circulation, as is commonly 

sown, of the water in all boilers, tending to produce a great 

DDunt of vibration, l^is operates in oblong hoUers, causing a 

ent in the direction of their length from the front end to the 

ck, and in other classes of boilers in a direction, of course, 

3 with their form. The velocity and force of this current 

Bet with the quantity of water contained in the boiler anit 

' e intensity of the heat used to effect its conversion into steam. 

"This is a serious and frequent cause of boiler destruction, fur 

t most he remembered that when a certain heat is attained both 

II the Bteam and in the furnace, and corresponding conditions 

e established between the heat of the boiler itself and the atmo- 

jben that surrounds it, a sort of communication is established 

s the interna] and external atmospheres, ani \t la uitm^ 

^f want of a fuller knowledgQ of the phenomena w\i\'ii Ub.\^- 
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ipire at this ciisia, probably that many disastrous cases of boili 
explosion may be fairly attributed. In boiler nijitiirea, i 
simply by the expansive force of steam, it would seem as : 
dome caeee gases of wliich steam is composed possess a fur 
adhesion, or combine with audi strength after they have attainei 
a certain degree of elasticity, that they do not operate in an ii 
ferior direction, bat accumulating their force beyund this pito 
they wait until they encounter some more formidable obstadi 
aud in a moment everything is burled on to destruction by th( 
fearful violence with which they become disengageil. The 
mate cause of boiler explosion is yet involved in great obscurity; 
It was considered hy Dobereiner, that chemical combinations a 
decombi nations could be effected through the medium of t 
closest textures of iron, or other bodies, by simple capillarity, bn 
the results attending the operation of caloric, light, and aciditj! 
are such that human ingenuity can scarcely hope to arrest them^ 
however successfully auch results may be provided against. Tha 
atmosphere where it comes in contact with the external surfaces 
of a boiler plays a much more important part than may be held 
generally to be the case. A boiler well lieated and producing a 
good steam may be compared to a cylindrical body trying to hold 
all its parts together between two equally balanced forces which 
tend to separate them, by pressures acting in contrary directions. 
"Whatever may be the subtle nature of the phenomena by the 
operation of which water becomes converted into steam, it is clear 
that a reciprocal change is continually going on between the 
atmospheres inside and outside the boiler. Besides its effective 
work in giving motion to the piston of an engine, steam operates 
very powerfully in another direction. The entire movements of 
an engine are due to the momentary diversion of steam force, 
from the more natural way in which it would seek to expand or 
set itself fi'ce. This it is always attempting to do except at tha 
intervals when its force relaxes under a momentary but abnormal 
liheration into the cylinder. The true direction of steam iK 
away from work. It has been found by recent experiment, that 
there is no class of metal so compact or homogeneous as to be 
altogether free from percolation, or the molecular structure oi 
which wovDiX separate it from those that are known to ho poroutj 
Curburetted hyilrogen passing fhtougV a-n nr^-n'tt.-rj ^oii. ^a '^■fli 
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^^Wthougb having a force of direction given to it, may be adduced as 
an illastration. Before the gas reaches the extremity of the tube 
not only will the hydn^n have exuded between the moIeculuB 
of the tube, but other and entirely different gases will have 
entered and asemned its place. Thus, unless there is always a 
strong flowing current of gas, an exploeioa in exposed gas mains 
would be always imminent when a flame was brought near any 
opening made in them during the time of their being tapped, or 
hored for connections. When the current of gas flowing through 
them is strong the danger is diminished. 

" It baa been stated by some writers on boiler engineering tlinl 
a-continual change of pressure ia taking place in the boiler, owing 
to the variation of the load put upon the engine, and that very 
little difierence arises regarding the working of the boiler itself 
when once the Hteam ia fairly up. 

" Morasi was of opinion that on the stoppage of the piston at 
each end of its stroke, the whole force of the steam was so 
violently arrested as to cause it to strike back suddenly into the 
boiler, and burst it open. Now, it is obvious that wherever a 
force operates upon a fixed and immovable body, it reacts upon 
itself; and this must he, in a certain measure, the case with 
Bt«aiu issuing from a boiler. But the causes which lead to vari- 
able pressures in the force of the steam are much more nnmerous 
at the seat where the steam is generated than those resulting 
from a difierence in the working load of the engine. The pheno- 
mena of steam generation have been, perhaps, too much overlooked 
in regard to boiler explosioa The leakages of steam are not so 
nameroua as the leakages of water in boilers ; or where water ia 
the resisting body, and steam the force, the force will operate by 
preference. It will not yield or escape unless it be impossible 
for the water to escape, and, in this case, the resistent then be- 
cnuies the force. 

"As a visible force steam cannot be said to exist. It is the 
name only for an effect produced in certain atmospheres by the 
operation of heat In other words, steam is water and heat to- 
gether — simply water and heat If this heat could be conveyed 
BA effectually into the same situation by any other means, the same 
results might be expected to follow, viz., the expansion of air into 
^ foice or pressure. 
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" It is worthy of being borne in mind that water cannot be 
decomposed by heat. At all the stages of evaporation through 
which it passes it is normally present and has assumed no new 
qualities whatever. But the most important iUuatration perhaps 
of this parting with, and reassumption of the natural properti« 
of bodies is that exemplified in the conversion of water inli 
steam, and the reconversion of steam into water. "Whatevai 
may be the nature of the change caused in a mass of water by ltd 
absorption of heat or the passage of heat through it escaping ati 
its surface in the form of bubbles, it is held to be irapracticabla 
to reduce steam to water again without the absence of heak 
Now it is commonly known that a quantity of water place4 
under the receiver of an air pump will, as the exhaust is carried 
on, appear to evaporate with great violence. The lesemblanoft 
to the phenomena observed in the generation of steam is in thift 
ease very marked and singular. The water will appear to hava. 
become condensed on the inuer surfaces of the dome, and th^ 
vessel containing the water may be entirely emptied by continu- 
ing the process. The influence of heat in producing steam i* 
scarcely yet rendered sufficiently intelligible to lead to any opinion' 
more reasonable than that it must be taken away to ie>e3tablishi 
those conditions which it had apparently changed. The tendency 
of heat applied to the bottom of a boiler containing water is bg 
pass through the metal and the mass of water, and out again 
through the upper suriace of the metal into the air. It is curiotw 
that the manner in which heat should be conveyed through watai 
ia in the form of cellular spheres. Certain particles of water 
cohere so firmly round an increment of heat and in such order 
that they effectually prevent its assuming any other form but a 
spherical one, and this minute ascending globe presenting archer 
on all sides to the pressures by which it ia encompassed rise* 
unhurt through a mass of any quantity. Similar results may ba 
witnessed in cellular globes formed without heat, some of which^ 
although presenting a lai^ area to the pressure of the atmoi 
sphere, and being only l-10,000th of an indi in thickness, retain 
the form of a globe until their contents become decomposed ant) 
eventually decompose the substance of which the spheres them- 
selves are foiined. 

"It could be fairly assumed that if any force expanding oquol^ 
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i in all directions from a point, eould be introdnced within 

le of these spheres, unless the elements of the force were liable 

in deoompose the medium within which the espansioii occurred, 

mnld alwayB retain the form of a globe ; but, as a proof of the 

vwiable expansion of steam, it may be remarked that heat hegina 

to ascend through water in forms representing the sections of a 

GOoe. It is not uncommon to observe innumerable bubbles 

fio&ting about on the surface of boiling water, some of which re- 

luD tbeir shape for several seconds, during which time they have 

I motion through space of twenty or thirty times their diameters. 

~ e of this motion is very singular, because it proves that 

h It times heat can disturb a great quantity or weight of water by 

Btbe simple act of rising through it — whereas, it is commonly 

f Bppoeed that its levity is so great, that it would have no more 

(Sect upon the water than a balloon would have upon the atmu- 

iphete in ascending through it, When these globules of heat 

uplode, the heat they hod contained beeomea diffused over a 

sr area, by taking np new situations in the smaller interetices, 

etween the gases which are above the water line in the boiler. 

I proportion as the temperature of the steam space increases, 

gases expand, and the interstices between them become di- 

ishcd in size. Thus the heat is gradually forced within limits 

which continue to grow less and less until such forces of com- 

pre^ion and resistance are reached between it and the water and 

material of the boiler, that the generation of more steam must be 

arrested, or the boiler must necessarily give way. When it is 

considered bow great the difference would he in the size of a 

globule of heat when bound by and liberated from the pressure 

of the mass through which it has to ascend to become operative 

as force, it is rather astonishing that a greater number of boiler 

explosions do not occur. 

"Yet, probably, there are not many cases where the force of the 
Bteatn, at the moment of an explosion, has ever nearly approached 
tb« measure of the resistance of the boiler, and, as already ob- 
■erved, it is not where the steam has reached any unusual pressure 
! tbftt we are to look for the necessary explosion of boilers. Mr. 
~"t R Clark, a gentleman who appears to have given soma atten- 
Q to the subject of boiler explosion, stated a few years eince 
"ieabject was in rating very aerioUB attealioa, ftaA 'il'« 
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peicoseive force of tlie st«aiti suddenly disengaged from the heated 
water in a boUer acting against the material of the boiler, could 
not be adduced in explanation, and bb the cause of the peculiar 
violence of the result of the esplosioa Mr. Clark considered 
that the sudden dispersion and projection of the water in thc| 
boiler against the boundary surfaces of the boUer was the causa 
of this violence, the dispersion being caused by the momeDtarf 
generation of steam thrfjughout the mass of the water, and ib) 
efforts to escape. It was alleged by the same writer that th^ 
steam carried the water before it, and tbat the combined moment 
turn of the steam and the water canied them like shot tbrou^ 
and amongst the faonnding surfaces, and deformed or shattered, 
them in a manner not to be accounted for by single overpressure,, 
or by simple momentum of steam. This forms one of the mow 
ingenious but illogical explanations offered concerning violent 
boiler explosions. Whoever has witnessed the ascension of heofe 
through water must have noticed tbat it is absolutely impossibly 
for a single globule of heat to leave the water line. Nothing hvk 
the beat is suffered to get free, and this carries only increase oj 
temperature to the ateara space. Moreover, a spherical body can 
never impart velocity to a liquid. A shot discharged vertically 
into a, vessel containing water will flatten, and in sinking cauaoj 
a rise at the circumference of the vessel in proportion to thtt 
quantity of water it has displaced, whereas if it were true thak 
heat or steam could project water against tbe inner surfaces of ft 
boiler, the shot should cany a column of water through the vessell 
that held it. It is probably more obvious that a body not capably 
of holding water upon its surface cannot project it with forcey 
but rather pushes throngb it, and suffers tbe water to subside 
about it Thus this cannot reasonably be allegejl as a sufficienfe 
cause for the occasional violence of tbe explosion of boilers. But 
supponng that in the generation of steam the decomposition of; 
water proceeds so far that one of its constituent gases is diseiM 
gaged, and tbe other retained, we then reach conditions favourablo 
to this violence. It would perhaps he well worthy of expetL< 
ment to ascertain how far some preparation capable of rapid^ 
would not prevent boiler incrustationa, becauwt 
dense that it may be poured from one vessel h 
the op&B air, while hydrogen iiiiVV ta-iiBa 4 wei^Jac 
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balloon to ascend. It ia probable therefore that they do not 
opente bigethtir in what ie Called steam power, but that the 
Jighter gas only is set free. If heateil hydroKen be brought in 
omtact with air an explosion is inevitable, and tliis fact may go 
way towards acooimting for incipient combustion. If it 
he admitted also that gases may piiss through the matBrial of u 
liiileT it will be then seen that the conditions of explosion are 
JDiminent, and only await some electrical motion to set thera in 
HiTce. Tliis is given by the starting of the engine wliich i>xbHU«ts 
tiu steam apace of the boiler, and suffers the air to euter when 
m expIoBton results. It wouM not be devoid of interest to 
discover if a boiler esjiloJing in this way would give off a mo- 
aentSTy flash of light, becau^ boiler explosion may represent on 
t tra^l scale some of the mors wonderful phenomena of nature. 
nionder follows lightning and precedes a fall of rain, and in 
" ir explosions we have water producing thunder, and perhaps 

en lightning." 
97. Injury to Crotenf of Furnaces from Shortnsgs of Water 
) Boilen. — From a recent report of the Association for the Pce- 
tintion of Steam Boiler Explosions we take the following : — 
Injury to furnace crowns from sliortnoas of water appears of 
ita to have been of very frequent occurrence. Three coses have 
been reported since the eommencemeat of the year, while 
■0 more have hap[)ened during the past month. Tlio majority 
' these (snses of injury occur at night-time, when the furnaces 
e banked up ; but the Urst of those now under con sid<i ration 
ick place at about half past one in the afternoon, when the Are- 
AH was at his post. It appears that he misread the glass gauge, 
li^taking a small piece of wliite scale, which clung to the inside 
I the tube, for the surface of the water, and was not undeceived 
ntil lieing alarmed by hearing a cracking and thudding noise 
ide the boiler, as well as by noticing that the steam began to 
ih out at the furnace-mouth, angle irons, and ut the transverse 
xa of rivets in the front end plate, he called the eugiuemau, 
ho at once blew the glass gauge through, and discovered that 
le boiler was short of water. The engineuwu promptly put 
own tlie damjwr, and drew the lire, just in tinre to prevent ex- 
loeiuu, but not before the furnace crowns were very seriously 
mwn out ofsliape. 
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" The boOer waa of the internally-tired two-flued class, ami waa 
one of a series of aevon, all of which worked at a presaure of 6i 
per square inch, with the exception of the one under conaittera- 
tioo, which waa uaed for hbating the mill, and only worked at 
1 lb. Had the boiler been working at the same pressure as tbs 
remainder, explosion, it is thought, would have been inevitable. 

" It has been frequently recoiaraended in proviouB reports that 
every boiler should be fitted with a duphoate glass water gauge, 
and in support of this it may be pointed out that the only boilec 
in the seriea referred to above which had but one water gangs 
wa3 the one to which the injury occurred. Had it been fi 
with two gauges, so that each would have acted as a check upon 
the other, it rauat be clear to all that the probability of mistake 
would have been considerably reduced, if not altogether removed 

" It has appeared on my rounds of inapection that theie ia 
more ' method ' than ia generally acknowledged in the occurrencs 
of theae mistakes and accidents as they are called, for certain 
it is that they happen more frequently at that class of works 
where order and general cleanlineaa are conaidered aa saparflnitieB, 
than where everything is, as a matter of principle, kept up in 
highest style of efficiency ; and maiiy I feel will agree with me, 
that it is important that a boiler attenihtnt should be induced to 
take a satisfaction in the appearance and external condition ot 
his boiler and all its fittings. A fireman who took a pride ia 
keeping his boiler-front in good order, the water-gauge glass trans- 
parent, the brass work clean and bright, and the tapa correct, 
would scarcely have had ao untrained an eye as to have mistaken, 
as in the case just referred to, a dead speck of scale for a column 
of water, which ahonld have been alive with motion ; and it is ■ 
thought that the orderly keeping and appearance of a firing 
apace and boiler-front should by no meaua be regarded as a matter 
of useless refinement, but rather as a measure of positive safety. 

"The second case of injury through ahortnesa of water occurred 
at night-time, when the fires were haidced up, and the boiler was 
in charge of the watchman. The boiler had two furnaces, but 
one only being charged at the time the other escaped. 

" Both the boilers referred to above were fitted with fuaibl» 
plugs, and which it will be seen proved aa useless in both theae 
aaaea aa they did in the three, poiticulan oi 'fl^aK,\i '>Km« ^<(«d. tit 
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the last report The experience of this Association witb low. 

water safety valves, which allow the steam to escape as soon aa 

llie vftter falls below a fixed level, certainly ehowe they are more 

wliable than fusible plugs." 

26. Defects of Boiler ConstructioTi. — From the report of the 

me Aaeociation we take the following. " The construction of 

nme of tbe boilers lately enrolled in the Association has been 

band to be very imperfect Three of them have proved to be 

« mnch as a foot oval in the furnace flues, and six inches in the 

Aell, the major axis being horizontal. This is a very imperfect 

untngement. "Both the shells and internal fines of boilera, un- 

linly or entirely dependent on stays, should be made truly 

oifoular, since a alight departure from this shape materially 

ireakenB them ; and although when oval they may be able for u 

le to withstand the pressure, yet a change of form takes place 

them whenever the steam is got up or let down, which has a 

wry weakening effect, and aoon wears out the plates. This, in 

locomotive boilera, leads to internal grooving, which is so fruitful 

« oanse of their explosion. Three other boilers, which were of 

the hot-water circulating description, for the purpose of heating 

ind ventilating, although of a large size, were not fitted with any 

fety-yalves, while the inlet and outlet pipes eouU both he closed 

. the same time, so that the pressure conld be bottled up inside 

le boiler while the fire was in action. Under these circum- 

ances, with anything like a brisk fire, explosion would, in a 

short space of time, be clearly inevitable," 
29. Shortness of mater in a boiler not eesential to overheating 
t/ie plates. — "This," says a recent writer, "is by no means es- 
itial to the overheating of the plates in a boiler when they are 
lyed upon hy an intense fire, and the fiames allowed to im- 
locally, especially if the water be not good; and many 
les have been met with in which, under these circumstances, 
ites have become overheated, although there has been plenty of 
ter in the boiler at the time. In the present instance, the 
raes from the lai^ fire-grate — which was fed with ooal instead 
alack, in order to raise more steam — played direutly upon the 
ical side of the boiler, and just at the part where the rapture 
while the water contained a good deal of loose sludgy 
sad was &uiid irequently to foam np, an4 daasft^^" 
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boiler tji prime. In vertical heating surfaces the eteara is apt t 
uliug to the platea, and to creep hetweea them and the wat«F. 
This, in tlie upright single flue, int<?mal!y-fired furnace boiler, is 
frequent use at iron-works, has been found to have such ai 
jiirious effect upon the flue-tube, and lead to so many collapse^ 
that this description of boiler has in many cases been diecardoj 
There ia, therefore, every probability lliat the overheating wal 
ilue, not to a deficiency in the supply of the water, but to its b» 
ing driven away from the plates by the rapid ebulKtion of steaq 
within the boiler, caused by furious firing, and the too locel ink 
pingemeut of the flames upon a vertical suriace, combined witll 
the use of eludgy water. Tliia view is corroborated by the &etf 
that, when overheating occurs in consequence of ordinary ahort- 
nesB of water, the plates are injured in a line parallel with its sur- 
face, whereas in this case they both bulged and rent in a line at 
right angles to it, and for a length of as much as 3 ft. 6 in. So 
that the statement of the fireman may after all be correct, that 
there waa plenty of water in the boiler at the time of the explo- 
sion, while its occurrence is only another illustration of the dau' 
gerous character of these externally-fired, upright furnace boilers," 

'iO. Tmubles incident to Sfedm Boilers. — The two following 
articles we take from the " Scientific American." 

" ' I don't see what is the matter vritli my boiler,' said a friend 
recently, ' it used to make steam enough, but now it is all I ciuS 
ilo to run the engine through the day.' Upon having an examU 
nation, the mystery was found to consist of ashes in the smokft 
box and soot in the tubes; simple enough, certainly. The can 
was, a shovel and half an hour's labour. 

"We receive frequently elaborate descriptions of boilers and en 
gines by mail, giving full dimensions of each, with statements a 
the length of time they have run together, with a request to statff 
(generally by return mail) the cause of their decay and generat 
failure after years of service. 

" Many people have an idea, apparently, that a steam engioei 
loses some portion of its vitality every year in some unknown 
way, so that its decline and fall is simply a question of timft 
This is true where no care is taken of machinery, but, with inteUi) 
^ent supervision, and repairs when needed, a steam engini 
ojie ioBdred years old will he as gooi aa \.\w 'ci.Ta^. ia.-^ '-6. \»d 
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steam. It ia as unreasomible to expect a steam engine to run 
continuaUy without repair and inspection, as for a human beiug 
to exist without eating. A little reflection would show that if a 
ateam engine has ma for a term of years, doing the same work 
continually, the failure, if there be any, ariaes from natural 
causes, and that examination of it by a competent person would 
be the course to adopt, 

" It often happens tiiat shafting gets out of line in a shop, and 
that the macliLues generally are disordered in their relation with 
the power which diivea them. Where this ia the case, lining up 
the shafting and setting up the uiachiues again would effect a 
great saving of power and fuel It also happens that boilers 
sometimes give out, or cease to make steam freely, from the de- 
struction of tiie draught 

" If one building be erected by the side of another the diwught 
of the chimney will be affected when the wind is in a certain di- 
Tection, and this iu spite of the general cleanliness and good con- 
dition of the boiler. The remedy fur this ia to increase the height 
of the chimney or put ia artificial draught. 

" It ia also frequently the case where pine wood or bituminous 
eoal is used for fuel that a resiuoua deposit forms oa the inside of 
the tubes, to the very great detriment of the steaming quahties of 
the boilers. It is extremely difficult to remove this, as it ia com- 
posed of soot and resin, and adheres to tbe iron with great tena- 
city, A whalebone brush is sometimes employed; also a bnah 
made of steel wire, but these instruments merely scratch the sur- 
face of the deposit without removing it. It has occurred to us 
that a strong, hot solution of potash might be used with good ef- 
fect in this case, and we recommend a trial of it at least. It 
cannot hurt the boiler externally, and is so easily tried that it 
should be. 

" Another acquaintance, some time since, called our attention to 
his boiler and engine, the boiler failing to make steam sufficiently, 
although in size it was ample. The defect here was in the set- 
ting. The boiler, an ordinary cylinder, was set ou top of two 
brick walls, as the cover would be iaiil on a box, and the fire- 
place was simply a gaping cavern, in the further end of which tlie 
throat of the chimney loomed wide and voracious. K all the 
hMt of Vesuvius in eruption were tnmed aadet \\w >]Kii.\At \)b 



1 




I 



112 ENGINEERING FACTS. [Div 

would hardly moke steam enough in ita condition. The stean 
would have been made in the chimney, for that waa where thA 
heat went, and its effect on the boiler Eeomed more like a passing 
iiivour than auy actual duty it was bound to perform. Whoi 
the furnace doors were opened a roaring wind passed throu^ 
them, and the blaze went fer up the cLinmey. The remedy i 
this case waa to lessen or obstruct the draught; to add a bridg 
wall five or six feet fram the furnace door, and to put a dampe 
in the chimney, so as to arrest the heat when desired. 

" But lately we received a letter from a party dsairing to ho ii 
formed what size engine a boiler of certain dimensions woub 
drive. He added, on closing, ' If the boiler is not lai^ enough, 
it can be lengthened.' N^ot large enough for what! the enging 
it would drive? Tliis seems like a hasty inquiry. 

" As has been recently pointed out, the field for improvement 
is very wide. The proportion of heat utilized to that driven off 
or lost is very little — hardly one-tenth— and this waste is going 
on continually. Of course the quantity differs in different boilerv 
and can be greatly lessened by good management, but that great 
slovenhness in the use of fuel, and great indifference prevails o 
the part of proprietors toward getting competent engineers to a 
tend their boilers, is apparent to any intelhgent observer," 

31. Field for Improvement in Steam Boilers. — "The boiler oj 
a steam engine costs more than the engine; and, considering tlM 
wide use and valuable service of this prime motor, there is, pel 
haps, with the single exception of the plough, no instrument o 
more importance. There is, perhaps, also, notwithstanding al 
the inventive faculty and experiment that have been expendeC 
upon it, no instrument more imperfect. A boiler of ideal [ 
fection should secure complete eomhustion of the fuel, so as 
obtain all the heat which the coal will yield; it should transfw 
this heat to the water to form steam, and it should hold the steau 
in absolute security. In practice, very few boilers effect c 
pletc combustion of the fuel, and none secure the transfer 
nearly all the heat to the water. 

" When anthracite coal is the fuel used, the only portion of it 
which is of any value is ita carbon. The burning is the comr 
bining of this carbon with the oxygen of the atmosphere, Ca» 
ban combwes with oxygen in two giogart.io'na— owe ^Sjaisi.'st « 
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II combining with one atom of oxygan to fonii carbonic osi>Iu, 
id one atom of ewbon combining with two of oxygen to form 
hibonic acid. According to the experimenta of Favre anil Sjl- 
B pound of carbon, burned to carbonic oxide, will raiee 
U temperature one degree, of Fahrenheit's scale, of 4,4fil Iba. 

■ water, while a pound of oarbou, completely burned to carbonic 
'I, will heat one degree Fahr. 14,544 lbs. of water. Hence, 
il burned only to carbonic oside generates less tlian one-third 

[ the heat of which it is capable. When coal is burned with 
B insuificient supply of air, either the whole or a portion of the 
sduot of combustion is carbonic oxide. 
I "But the greatest loss of heat in steam boilers is the failure 
e the transfer of all the heat generated from the products 

■ combustion to the water. In order to ejfeet this aa nearly as 
eaible the tubes should have the thinnest walls practicable, an 

is recently pointed out. It is also quite as important that the 
~s of the fire-hox should be of thin plate. 
" Heat is radiated from all substances with a rapidity propor- 
tioned to their temperature, "Wlien, therefore, two bodies of 
different temperatures are ]jlaoed in contiguity, the warmer will 
g«nd its heat into the other more rapidly than it will receive heat 
&OIQ the other in return, consequently the cooler will he warmed 
with a rapidity proportioned to the difference in the tempera- 
tures of the two. The same law applies to the transfer of heat 
by conduction from one body to another ; it takes place with u 
rapidity in proportion to the difference of the temperatures. 

" Suppose we have a lire-bos plate four inches in tliicknesa, 

with fire on one side and water on the other ; the surface next 

the fire may be red-hot, whUe that next the water ia only 230 

or 300 degrees. There being, then, but little djtferenoe betweeii 

the temperature of the gaseous products of oombustion and that 

of the contiguous surface of iron, the transfer of heat from one 

to the other goes on slowly ; and the same is the case with the 

transfer of heat from the interior surface to the water. In this 

fitful the products of combustion go up the chimney at a high 

mperature, carrying away nearly all the heat generated. If 

B plate is thin there can never he this great difference in the 

niperature of the two surfaces — the surface next the tire will be 

' VBd Hiat DBxt the water will be liottet j 'ion "^sii^ss '^ 
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heat will, therefore, be more rapid, and tlie rapidity will bo 
proportion to the thinness of the plata 

"The transfer will also ba proportioned to the rapidity of th 
circolfttion. Water ia one of the poorest conductors of heat, & 
if B, stmtum next the plate remains in its position, so soon as 
is heated to the temperatare of the plate the transfer of hi 
ceasCB, or goes on with the.alowneaa with which beat ie conduct 
away by the water ; but if the isBtant a particle of water 
heated, it is replaced by the coldest one in the boiler, the trai 
fer of heat goes on with the greatest possible rapidity. In pli 
kettles, heated from the bottom, the ebullition creates a very i 
tire circulation ; but in small tubes, if the bubbles of steam e 
passing in one direction and the water in the opposite, the c 
culatiou ia seriously impeded. Inclining the tubes, as in Die 
ersoDs boiler, is an exceedingly simple and effectual means i 
producing the most active circulation, and ia probably 
to be very generally adopted. 

" The moat effectual plan, however, fur insuring the 
of all the surplus heat is to pass the products of comhuati( 
right into the water. Tliis plan 1ib.s been tried on a ateamboa 
on the North River — the John Faron — but was abandoned " 
consequence of the accumulation of ashes in the boiler ; it woul 
seem, however, that this difficulty, being merely laechanical 
ought to be overcome, in view of the gteat advantages 
ized. It is true that both the air and the fuel would require ti 
be introduced against the pressure of the steam, hut 
would be worked through the cylinder, its expansive force wouli 
doubtless be sufficient to drive the air pump. Proil Seely hai 
suggested that the carbonic acid might be absorbed by the steamy 
BO that no increased tension would result from it ; but this ceiw 
tainly would not be the case with the nitrogen, and its expan- 
sion would at least prevent any loss of power. This plan would 
give not only the most effective and economical, but also the. 
simplest and cheapest, of all conceivable boilers. All that would 
bo required wonld be a plain cylinder with an ineloaed fire-box, 
without any tubes, stays or other costly adjuncts ; and, as M, 
heat would pass through the shell, it might be of any thicknow 
necessary to insure absolute safety from explosion. 

"AM that is required to mjke tliia gieiA un'^wflCTawii ^ncti- 



PITTING OF BOILER PLATES. Ill 

eblo is some simplB and effectual plan for prerenting ashes from 
gOBg into the boiler, or for readily blowing them out after they 
m introduced." 

32. Pitting of Boiler Plates. — "This dangerous doterioration 
flf the plates of steam boilers has been traced to sereral sources, 
thfl most important and moat usual being the voltaic action due 
to the different electric condition of the scraps worked into the 
pl»te«, to the contact of difierent kinds of plates, or to that of 
OKt and wrought iron: the water, containing more or less of 
chemical compounds in solution, causes the electro- positive nietol 
of the galvanic battery thus constituted to be removed with great 
tspidity. The itse of an electro-homogeneous metal — cast steel, 
for example — in the boiler plates naturally prevents pitting, as 
the galvanic action no longer occurs, for want of a third element. 
On the other hand, the effect is greatly augmented when the wa- 
ter is nnusually acid, or otherwise corrosive, from peculiar circum* 
stances- Hydrochloric acid is frequently present iu marine 
boilers, and may even be detected in the steam escaping from 
them. When the fael is sulphurous, the feed-water, or the wa- 
ter itoai a leak, will, if exposed to it, absorb thirty volumes of 
snlphnrous acid, and the effect of this in futtowing may easily be 
conceived." 

33. On Priming. — In the "Engineer," under date December Ist 
1865, there is a lengthy and most suggestive article on this sub- 
ject We regret that we have space only for the following, and 
moat therefore refer the reader to the article^ After describing 
the remarkable phenomena connected with priming and the pux- 
iltDg circumstances which these bring into existence, tending to 
make the subject a most difficult one to deal with, and which 
gtres rise to a remarkable diversity of opinion on it, the writer 
praceeds: "In point of fact it is better that the investigator 
dionld endeavour to divest himself of every impression conveyed 
by a knowledge of those conflicting phenomena, and endeavour 
lo single out as far as possible those facts which invariably hold 
good or nearly so under all circumataucea. Unfortunately these 
ire not very numerous, but they are veiy simple. As a rule, a 
laige steam space reduces priming : in the first place by giving 

■ water time to separate from the steam, in the second by pte- 
\ting sudden changes ia the pressore aboTQ ite fiVLT^u^. X^^iux, 
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a lurge water surface acts beneficially bj providing an extenaii 
area from which the steam can Blimiiiate itself quickly witlii 
carrying up much water with it. Furthermore, in a steam boil 
as in a wellmaaaged household, there Ghotild be a pla< 
everything, and everything should be in ita place. That it 
say, water should not encroach upon the eteam space, nor steoni 
on the water apaue, and thia condition can only be seemed by 
providing for a vigorous circulation. After all, these Btatemects, 
although subBtantially correct, do not apparently come to much 
and yet on these alone can we base any rules for the construe^ 
tion of boilers which shail possess the power of supplying dry 
nearly dry steam. 

" It may here prove useful to consider for a moment the aM 
ture of the phenomena from which priming apparently result^ 
Friming is in conventional terms nothing more than a boilinfi 
over. The steam as it is generated, instead of escaping freelf; 
from tliB water, is entangled with it, and carries over in ita graep 
a certain portion of the fluid. Now it is not very easy to 
mine the exact condition of a masa of water heated up to tht 
boiling point proper to the pressure to wliich it is subjected. "Wi 
know that steam is produced by the separation of the moleenlet 
of the fluid, and that a comparatively small addition of calorie 
will suffice to convert a portion of a mass of water already on tba 
verge of oballition into steam. The elastic fluid is in practtca 
produced as close as possible to — in short in contact with — thfl 
heat«d surfaces of the furnaces and tubes ; but it is only by ~ 
species of accident that any one portion of tha mass of waU 
comes into this contact to the exclusion of any other portion. II 
is tolerably clear that, so to speak, the wholi 
must be in a condition approaching that of unstable equilibrium, 
and that it ia only prevented from all ultimately flashing intq 
eteam at once by the fact that, it is a comparatively slow a 
ductor of heat, that different portions of the mass are better 
tuiited for taking up heat than others, and that tliose so takii^ 
it up at once become stenm, and depart to the surface. StiU 
there is not much room ti doubt that the molecules of heateij 
water have lost some of the power of that grasp with which they 
clung to each other while cold, and that aa a result steam ju^ 
formed can hardiy fail to carry with iV BOBisA\nsL%-wtiak ia 
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KlMctly water not yet ateam — a finely divided miat in fact, hov- ' 
a the verge of either condition; and this, unless time be 
lllowed for its precipitation, finds its way to the cylinder as one 
Q of priming. The process by which large bodies of water 
i their way there is somewhat different. The boiling point 
I the bottom of a deep boiler is sonsibty higher than near the 
irface, and thus the fluid may become heated, if detained in 
eontact with a furnace crown, to a point higher than that at 
which it would boil near the surface. Where the circulation is 
. imperfect water may thus be detained for an appreciable space of 
^^iniG, and on subsequently rising it will, possibly, when still 6 in. 
^Bt 8 in. from the surface, flash into steam, carrying the superin' 
^Huabeut water with it, lifting it as it were in a sheet from the 
j^^ster below, and hurling it directly towai'ds the point of least 
I Kustance — the orifice of the ateam pipe. Once within this, of 
course there is no return. The priming which ensues the mo- 
tnent a vessel leaves the sea and bei^ns to take fresh water into 
T boilers may, perhaps, result from a somewhat different train 
f event& The fresh water enterijig rises through a mass of 
aid, which, although not itself necessarily boiling, is neverthe- 
e heated to a mnch higher point than that at which fresh wa- 
r would boil under the same pressure. The result is that the 
i absorbs heat directly from the salt water instead of waiting 
a turn to come into contact with the heated irun, and flying intii 
1 at once, carries much water with it. Phenomena of a si- 
milar character, but magnified in degree, can be produced by in- 
jecting small quantities of water beneath the surface of a melted 
fusible metal such as tin. Some time may elapse before the so- 
lution of salt is weakened by blowing off, and so long as any 
decided difference in density exists between the contents of the 
boiler and the feed so long will priming continue as a rule. "We 
r na claim to originality in enunciating this theory. It is due, 
1 believe, to John Bourne, and we repeat it here because we 
t it the most satisfactory which has yet been advanced. Snt 
ither this, nor the theory by which it is preceded, can reconcile 
) hopelessly discordant statements advanced by engineers tu 
ifih we alluded in the first paragraph of this article." 
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DIVISION SECOND. 

PDBL-PCEHACKS— SMOKB OONSUMPTIOK. 
BEOTION FIRST FUEL. 

34. Theoreiieal and Practical Value of Fuel — It is a h 
what aiiggeative circurastance that, while attention has been di- 
ked in a very marked manner to the mechanism of the steam 
engine, comparatively little has been given to the fuel which IB 
used to raise the ateam upon which the economical working of 
this depende. The difference, indeed, between the theoretical 
r assumed value of fuel and the value we get out of it in prac- 
tice is very marked, and in no way satisfactory. The average 
practical value falls short, very ehort indeed, of the theoretical 
value of cooL That there is a fault somewhere in the modes in 
a for consuming coal is evident enough; ia this, as in other 
departments, there is an abuse as well as a use of coaL In a 
vei^- suggestive article by Mr. Lewis Thompson, the well-known 
chemiatj in Hewton's London Journal of Arts, under date Nov. 1, 
1865, and under title "On the use and abuse of coal in our 
manufaotories," there are some points bearing closely on the sab- ■ 

r now under consideration. After pointing out that any im 
pTovement in the production or application of artificial heat would 
constitute one of the most profitable inventions of the day — and 
after stating, in order to the proper understanding of the subject, 
that he would separate the chemical from the mechanical part 
of the aigument, Mr. Thompson thus proceeds. " In burning 
1 we really burn two substances which differ greatly in theit 
combustible quaUtiea ; that is to say, we bum hydrogen and c 
bon, the first of which will oxidise or bum under conditions that 
leave the latter unburnt. Then, again, we practically attempt to 
burn coal in oxygen gas diluted with nearly four times its bulk of 
nitrogen gas; that is to say, in atmospheric air. But the chemi- 
cal impediments to perfect combustion created by such an attempt, 
amount to this; firstly, the hydrogen of the coal being mora 
combustible than the carbon, has a disposition to seize upon the 
oxygen oi the air, and leave the caibou Mubaiat', aowradlY, the 



VALUE OF FUEL. 119 

nitrogen of the air, by diluting the effect of the oiygen, reduces 
the intesBity of the heat given off bj the hydrogen, so as to biiug 
the temperature below that point at which the carbon from cool 
will burn; therefore, chemically speaking, a double tendency ex- 
ists to leave the carbon of the coal unoonaumed — a fact which 
we see daily exemplified by the formation of soot. There ia, 
however, a much more serious question than the production of 
soot connected with the difficulties of perfect combustion, and 
this arises out of the disposition of red-hot carbon to decompose 
carbonic acid gas and convert it into carbonic oxide gas, with the 
absorption of an immense amount of caloric, or, in other words, 
with the generation of much cold. For example, if one pint of 
carbonic acid gas is subjected for a ahott time to the action of a 
quantity of red-hot coke, the gas ia deoompoaed and converted 
into two pints of carbonic oxide gas, and during this process a 
vast amount of heat ia rendered latent or lost ; so that it ia prac- 
tically possible for us to take two equal quantities of coke, and 
having burnt one of these, then to pass the reaulting carbonic acid 
gaa over the other portion of coke in such a manner as to absorb 
or render latent, an amount of heat almost equal to the whole of 
the heat given off by the first portion of coke. To speak plainly, 
it ia possible to burn coal so as to obtain little or no heat &om 
ita combustion, in consequence of the formation of carbonic oxide 
gaa; and this circumstance we most earnestly wir^h to impress 
npon the attention of the public; for the production of unburat 
coal or eoot ia a defect at once visible to tho eye, and therefore 
calculated to attract the notice of every peison ; but the forma- 
tion of an invisible gas like carbonic oxide, is a defect which may 
and does go on to an extent far beyond even the imagination of 
the most careful manufacturer, as we shall hereafter show by a re- 
ference to actual experiments. With regard to the mechanical 
difficulties connected with combuation, these are veiy mtieh de- 
pendent upon the radiation and conduction of heat by the differ- 
ent snhatances employed in the construction of our furnaces and 
the ateam -boilers placed over them. As, however, the principles 
of calorific radiation and conduction are almost totally unknown 
to the constructors of oar furnaces, it need not surprise us to find 
that much of the heat produced by our fuel ia lost or niiaappliei 
ia the genaatioii of steam. The radiation o£ lieat \.3)feLK& \' 
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under such laws that its effect diminishes as tbo squara of the 
distance; cottseqtieiitly, if a fire at the diatanee of one foot from 
a holler is able to boil off 16 lbs. per minute of water by radia- 
tion, at a distance of two feet, it will boil off only 4 lbs., and^ 
at four feet but 1 lb. of water per minute. 

" In respect to the conduction of boat, it might at first sight 
appear that in this particular we are limited to the conducting 
powers of water and malleable iron; but a very slight examioo- 
tion of the practical working of the question soon teaches us that 
the conducting power of the iron is set at nought by the disposition 
of calcareous matter having a conducting power scarcely equal ta 
^th of that possessed by iron. To render our remaiks intelli- 
gible, we say that by actnal experiment we have proved that it 
an iron boiler 1 inch thick will boil off 60 lbs. of water per, 
minute, the same boiler having within it a calcareous crust 1 inch 
thick, will boil oiF only about 1 lb, of water per minute, the heafc' 
applied to the exterior of the boiler being equal in both casoKi 
Hence, then, we see that it is possible so to place a boiler as to 
lose by radiation fifteen parts out of sixteen of the heat applied 
to it; and again, it is possible, by permitting the incrustation 
a boiler, so to diminish the conducting power of the ip 
as to lose forty-nine parts out of fifty of the heat applied to 
it, No doubt these are extreme calculations; but what, after 
all, is the real condition of the case ? It is this, that practically 
at this moment in our manufactories, with a kind of coal capabla 
of converting fifteen times ite weight of water into steam, only R 
lbs. of steam are raised per 1 lb. of coal consumed; in oth^ 
words, more than one-half of the coal burnt under our eti 
boilers is thrown into the air and lost Nor ia this a hasty 
sertion, for it ia based upon the daily working of several differ- 
snt steam boilers in London, Liverpool, Manchester, !Newcaatl»^ 
ou-Tyne, and Glasgow, 

"Having thus far pointed out the impediments which ehemieaUj 
and mechanically interfere with tho production and applicatiou 
of tho heat from coal, we will now relate what we ourselves have 
done within the last two years by way of removing these impedi- 
ments, To ascertain the extent of the loss created by imperfect 
combustion in our furnaces, it became necessary to examine ths 
jawoaition oS the air passing from the cbimney. Of course w« 
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had no difficulty in collecting a portiou of thia air, which was 
thenaualysedinttiQ following mannef: — From a meaanred quan- 
tity of it. the carbonic acid was ab^trBi:t«d by a anlution of cau^ 
tic potash ; the oijgen was then removed by adding a little pyro- 
gallic acid to the potash solution; this solution was then poured 
out and replocod by a solution of the proto-chloride of copper in 
muriatic acid, so as to absorb the carbonic oxide, after which, in 
some cases, the remaining air or gas wa^ passed over red hot oxide 
of copper contained in a glass tube, with a view to discover the 
quantity of hyiin^n contained in it. It might have been anti- 
cipated that the reaolts from different chimneys and at different 
perioda of the ohai^ of fuel would have been esceedingly various 
and contradictory; but although not absolutely nniform, our re- 
sults present a general agreement in the most important features 
that cannot be regarded as otherwise than satisfoctoiy so far as 
the object of our inquiry is concerned. After making upwards 
of 370 experiments upon the air from 42 different chimneys, we 
have come to this general eonclneion — that, except immeiiiately 
after a chai^ of coal, the ait from a weH-fed furnace contains no 
appreciable amount of hydrogen or hydro -carbon, or sulphurouH 
acid ; that tbe quantity of carbonic acid gas is about 6 per cent., 
the quantity of oxygen gas about 9 per cent., and the quantity 
of carbonic oxide gas about 8 per cent,, thus leaving us to infer 
Ibat about 9 per cent, of the oxygen in atmospheric air is con- 
annied by the hydrogen of the coal Hence it appears, that in 
respect to the production of heat in furnaces, 9 parts of the 
oxygen of the air escape unacted on; and of the remaining 12 
parts 6 are converted into carbonic acid, 2 combine with the hy- 
drogen to form water, and i are carried off in the shape of car- 
bonic oxide gas. Consequently, we may say that out of every 12 
degFpee of heat which ought to bo produced by our fuel 4 degrees 
are directly abstracted by the generation of carbonic oxide gas, 
and probably not less than 1 degree in addition is absorbed by 
the gas and rendered latent; therefore it is evident by the ana- 
lyaia of tbe air from our furnace chimneys, that ^ths of the 
J consumed upon the furnace bara is lost as carbonic oxiile, 
1 thrown nseleasly out at the chimney. But we have seen 
i piBcticaUy, in the generation of steam, only -^ths of the 
* ' ■" ver o£ tie coal is employed oi aXMOi^M^^l^ 'ioa 
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steam produced ; and if wa allow ^th of this calorific power 
a necessary means for creating a draught in the chimney, 
shall still have ^ths unemployed or lost; consequently, in 
practical point of view, it appears that heat is carried off other 
wise than hy the aotion of the carbonic oxide gas. To renda 
the amount of thia loss iatelligible, we must reduce our fraction 
to a common denominator ; that is ^ to j^g and -^ to -^'Jj-, &oi 
which wo see that (%ths of the heat are lost by radiation an 
imperfect conduction. If, then, we assume that any given quan* 
tity of coal, when burnt in our steam-boiler furnaces, will givfl 
out 180 degrees of heat, that heat will he thus distributed; — 

" UBoftJly employed ill raising steam . . 8i dagreea. 

LoHt from carbonic oxida gas . . . 75 , , 

Luat from radiation, and iiaperfect conduction ■ 21 „ 



" Merely to point out an imperfection is, after all, hut a 
sorry qualification, and therefore we have tried to go a little far* 
ther; we have tried to impnive our steam-boiler furnaces, and ap-' 
parently with some saceess. Many years ago Dr. Kennedy ba; 
serted that the hottest part of a fumaoe is one inch above thd 
bars, and this is true with furnaces having a slow draught; btrf 
with a quick draught it is otherwise; and ftom pyrometrical ex- 
periments made in boiler furnaces, we have found that the hottest 
point is between two and three inches above the bars of the fuiv, 
naoe : consequently, we recommend that never more than four 
nor less than two inches in depth of fuel he upon the bars of a 
steam-boiler furnace in action. If less than two inches be 
upon the bars, much useless air will pass through the fuel, and 
carry off the heat ; if more than four inches be upon the bar^ 
great part of the carbonic acid produced near the bottom of tha 
fuel will be decomposed near the top, and converted into carbonitt 
oxide gas with the destruction or absorption of a vast amount of 
heat, thus rendered latent. From wliat we have stated in rer 
gaid to the radiation of heat, it is clear that the boiler ought fa> 
be placed as near to the fire as possible, and by bo doing this ad* 
ditional advantage is gained; it prevents a lazy stoker from over- 
charging his furnace bars and thus producing an extra amount oj 
carbonic oxida Great stress is laid by some stokers upon tha 
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[ kming away of tlie boiler in coneeqiience of this dose prox- 

I imity of the fire : it is not, however, the nearness of the fire, but 

the thickness of the internal cmatation, which causca the huming 

iway of the boiler ; and this we will hei'eaftcr explain. At pre- 

I tent, we return to the question of combustion. From our ana- 

' Ijses of the airin the chimneys, it is evident that sufficient oxygen 

^ arista in it to convert the carbonic oxide into carbonic acid, or, in 

r words, to completely bum the whole of the fuel; why, 

, is the carbonic oxide not bnmtl Thia arises from two 

es: the positively anti-infiammatory nature of carbonic acid 

I, and the cooling influence of tlie nitrogen gas and steam 

r, by which the temperature of the mixed air is cooled below 

hat point at which carhonic oxide gas will take fire and bum. 

" iw, although we cannot sJter the positive power of the carbonic 

1, we may overcome the cooling influence of the other agents : 

" ' : has been most snccessfally effected in the following 

— A cast-iron tube, i inches in diameter, was fixed in 

e lower part of the chimney and made to communicate with 

e external air by means of a bend, at a height of 6 feet from 

8 ground; to the lower end of thia tube a similar tube was 

d, and this was made to pass horizontally under the boiler 

ut 1 inch from it. The horizontal part of the tube terminated 

immediately over the hack of the furnace, and was joined to the 

middle of a cross-piece of similar tubing ; the crosa-pieee being 

as long as the width of the furnace and closed at the ends, but 

pierced all along with a number of ^-inch holes at the distance 

of 2 inches from each other. The theory of the action of this 

tabe is very simple; from its position it becomes heated through- 

sBtit its whole length, and the croaa-piece in particular becomes 

d-hot; the draught of the furnace causes the air to enter at the 

J or open end, and, traversing the tube, this air isauea in a 

d-bot state from the holes in the cross-piece, where it meets and 

B the carbonic oxide gna as fast as this is generated by the 

The result is, that in four steam boilers where this contri- 

has been applied, the steam is generated much more readily 

", and a manifest economy of coal is taking place. 

I is necessaiy, however, for us to remark, that another expedient 

IB aUo been adopted in the case of the same boilers ; this relates 

^ tba prevention of /ncnistattoa A few catd&i^ uu^'^WA ^ot^ 
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eannneed i^ that thu tnctnjtktion is not dne to carbonate tx 
Kme, bat to solphde <tt line, hj which the particles of carbonab 
«f lime are cemented together and converted into a crast. "* 
prevent the foniutjon of this crast, it ia necessary only to destroy 
the solphate of lime, which is easily done hy adding 1 lb. o 
common cvbonate of soda (washerwuman's soda) t« every 300 
gallons of water supplied to the boQer. This converts the wholft 
of the lime into carbonate, which has no tendency to agglntinatq 
but rentains as a semi-cryEtalline powder, that may either be o 
lected by placing an empty vessel in the boiler, or it may 
blown out at intervals in the form of miliy fluid. In both c 
the condncting power of the iron boiler is preserved, which not 
only facilitates the development of steam, but prevents the bum^ 
ing or oxtdi^ment of the boiler. That it must also prevent at 
diminish the number of explosions is more than probable." 

35. ITie evaporative poirera of different eotde in practice ap^ 
pear^ says Mr, P. Sureey in a paper on "Fuel'' recently rei 
before the Society of Engineers, to be nearly proportionate to tl 
quantity of carbon they possess : bitnniinous coal is, therefor^ 
less efficacions than coal consisting chiefly of pure carbon. Ai 
pound of the best Welsh or anthracite coal is capable of raiun^ 
from 9^ lb. to 10 lb. of water ftom 212 deg, into steam; whereas 
a pound of the beat Newcastle is incapable of raising n 
about 8^ lb, of water from 212 deg. into steam. Mr, "Wicksteed 
gives the following table of the comparative evaporative poweia 
of various coals when burned imder boilers : — 




Description of Coal. 



The bBst Welsh, 

Anthracite, 

Best aniall, Newcaatlp, 

Average, small, do.. 

Average, Welsh, 

Coke itora Gas-worku, 

Colie and small, Newcastle. \ g.nd J, 

Welsh and Newcastle mised, i and i, 

Derbyahiie, and amall Novrcastle, j nnd j, 

Avorago, large, Nsivcantle, 

Derby ahire, 

BIjrthe, marine, Northumlierland, 




¥ 



] CAIORIFIC VALUE OF FUEL. !2S 

36. T7ie Calorific Value of Fael— In an artiele iu tlie'-Ma- 
cbanica' Magazine," under date Feb. 10th, 1865, many points of 
■value in connection with this subject are given. Space only per- 
mits us to give an abstract of the article, referring the reader to the 
No. of the lli^aziue in which it appeara for the remainder. Alter 
naming the three natural fuola, wood, peat, and coal, and the two 
artificial ones, charcoal and coke, making up the five fuek gener- 
ally employed ; and after briefly explaining the nature of oum~ 
bustion, the writer proceeds to detail the the.orelkal eorwideratioM 
affecting the value of fuel, and then sums up the whole. " The 
coDclusionB to be drawn from these theoretical considerotiona are, 
in the first place, that all fuels have not the same calorific value, 
and this leads to a consideration of the circumstances which in- 
B fl uCTice its steam-raising power and its thermal effect. With 
^^hgard to the first point, a loss of heat occurs in the furnace by 
^^Be latent heat of water vapour from damp fuel, and also from 
^^Rk additional presence of hydrogen, and by the gaseous products 
^^W combnetiou escaping by the chimney at high temperatures. 
r If the gases were arrested in their progress and applied to the 
Li pnrpoae of heating the boiler water, the loss would be very much 
■ diniiniabed ; practically there are here difficulties in the way. 
^^^*' When water passes into steam a quantity of heat hccomes 
^^Hnt and is practically lost ; hence water is the worst constituent 
^^P fneL The conclusion, therefore, is that wood and peat are 
^^fed for fuel, inasmuch as they contain hydrogen and oxygen, 
which, though not in the form of water, yet by their union pro- 
ilnee water in combustion. Again, it has been stated, that nitro- 
gea, salphur, and ash are undesirable in fuel; and as they take 
up some of the heat evolved by other constituents they might 
be replaced by better things. Further, the quantity of heat pp> 
(luced by a given fuel is not the criterion of its intensity, the 
temperature being influenced by the quantity and nature of the 
products of combustion as by the gross amount of heat evolved. 

" The temperatures, as laid down in theory are not attainable 
in practice, inasmuch as combustion is never perfectly carried out 
even in the best constructed furnaces. Besides, a large amount 
of heat is lost by radiation ; and, what is still mora important, 
it is not possible to admit into the furnace the pretiae (\iiantity 
^^^ Mir Jvi/aired &r perfect oombuation. A mucli grBatei wao'mv''. 
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may pass tbrongli, go liie available heat would tie distributed 
over all tbis excees of nitrogen and oxygen, and tbe result would 
be a proportionate reduction of the temperature. 

" Carbon in burning combines with oxygen to produce ca 
bonic acid ; or, if the amount of oxygen be small, caibonic oxi( 
may be produced by a euhaequent change. But the heat eyolvi 
in the two cases differs very widely in amount. As the quanti^ 
of carbonic oxide increases, the greater the loss of heat becomes 
This singular result is due to imperfect combustion, and it clearly 
affects both the quantity and intensity of heat obtained by burn- 
ing carbon, and in practice is of importance. In calculatiiig 
temperaturea it has been assumed that carbon could be burnt '-^ 
a quantity of air containing the precise amount of oxygen neci 
sary to combine with the carbon to produce carbonic acid. Bu^ 
if a large amount of carbonic acid be present, carbon cannot 
burn, even with plenty of oxygen, so that much more air pE 
through the furnace than contains the quantity of oxygen neces- 
sary for convertiug all the caibun of the fuel into carbonic acid, 
and the hydrogen into water. The loss of heat, therefore, is ji 
that required to raise the excees of air to the temperature at wbiob 
it escapes from the furnace. It follows, then, that in practice 
the temperature may be fifty per cent lower than in theory, 

" In fuel containing hydrogen a loss of carbon may result froni: 
the formation of volatile hydro- carbons, which often eacapn un- 
burned at an early stage. A distinction, therefore, is made ia 
the practical valuation of fuel between this and fixed carbon, tb« 
flteani-roising and thermal power being estimated by the fixe4 
carbon atone. Tbe difference between gas and st«am coals is ex- 
plained by this : gas coals yield hydro-carhons iu large quantity, 
while the yield in the steam coals is small. 

"Where very high temperatures are required, the fuel wbieh 
should he selected ought to approach as near as possible to pure 
carbon in its composition, and for the reason that carbon is tba 
best substance fur the purpose. Coke gives a much higher tem^ 
pereture than the coal from which it is made, and charcoal than 
wood. Carbon requires hut little oxygen for its combustion, an 
so produces but a small amount of carbonic acid ; it does n< 
necessitate a larger supply of nitrogen from the air ; and it ther» 
/aw follows that it 13 the best au^taaca ioi ■^wi'itxQ^'ci^^i 
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peratuies. ComparatiTely, the specific heats of uhrugen and 
carbonic acid are low ; therefore, the products of combustion have 
but little weight, and it requires but a Bmall heat to raise these 
products through 1 deg., and upon these two conditiooa a high 
temperature principally dependa Another point to be noticed 
is the absence of water as a product of carbon, which materiallj 
itifluences the results of combustion. Hjdrc^n, although pro- 
ducing the largest quantity of heat of any known combustible, 
is powerless to produce a similarly high temperature under ordi- 
naiy conditions, inasmuch as it requires eight times its own weight 
of oxygen for combustion, and, aa a consequence, twenty-seven 
times its own weight of atmospheric nitrogen. Further, water is 
the product of combustion of hydrogen, and water is the least 
deeiiahle of such products, owing to its great latent and specific 
heat. 

" We now see the reasons for making coal into coke, and wood 
tato charcoal Coal cannot produce a temperature equ^l to that 
obtained from coke, neither can the temperature of wood he com- 
pued with that of oharcoaL And this results from the relative 
accession of carbon and reduction of oxygen and hydrogen in 
them. This must be referred to the great difference between 
quantity and intensity of heat. J£ wo cannot raise sufficient steam 
from a boiler by the use of one ton of coal, we can easily meet 
the point by burning two tons ; but if the fusing point of metal 
cannot be attained with one ton of coal, it by no means follows 
that any additional amount of fuel will insure the required result. 
The great distinction to be observed ia between quantity and 
intemrity of heat. The first of these two conditions depends 
npon the quantity of fnel, but the last is referred entirely to tha 
qaality of fiieL Twenty tons of coal will not give a tempera- 
lure as great aa that afforded by one tun of coke. 

"The great difference between theoretical temperatures and 
those attainable ui practice, is, that fuel will not burn in the pre- 
cise amount of oxygen or air which chemically combines with 
the constituents of the fuel during combustion. The highest 
tewpemture in practice is to be obtained from any fuel to which 
this objection does not apply ; hydrogen is practically such a 
omibnstible. The tenijierature attainable by the oxy-hydrogen 
■pipe excomls that of any fumaoe, because, \)evaij * (pa. 
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hydrogen caii be readily mixed with the precise amount of oxygf 
required for its combustion, which is not retarded hj the v 
produced. Tlie practical application of these remarks, therefoi 
ia to enable us to determine the comparative steam-raising pow 
or thermal eflect of difl'erent varieties of the same kind of fiu 
The sample which yields the best results in theory will prove tl 
best in practice, although, for reasons given, its teauita in practiq 
must fall short of those attained in theory." 

37. Pdroleum as Fuel for Steam^Eaismj Purposes. — 
discussion has taken place during the last ycai on the subject ( 
petroleum as a fuel, and various have been the opinions pramn 
gated Toapecting its value in this way ; nor ia the question likcl 
to be, for some time at least, other than a "vexed" one, inaf 
as those opinions are moat diverse in character — some maintain 
ing the pro with as much vehemence as others are found t 
maintain the con. Space imfortunately prevents us ftom givin 
even a reaurafi of all that has appeared on tlie subject ; but n 
make room for those papers which give the most if not all of till 
salient features of the discussion. These are generally stated ii 
an article in the " Scientific Eeview," under date August IsL 
1866, entitled "Petroleum as a Steam Fuel." "The very laigt 
quantity of space occupied in steamers by the caal required a 
long voyages, renders it very desirable that some less bulky aul 
stitute should be found. As this substitute, according to man 
persons, may be obtained in petroleum, and experiments hav 
actually been made which seem to confirm their views, we deei 
it advisable to place before our readers a few ikcts that may servi 
to guide them in the judgment at which they will arrive. 

"In the first place, the supply of petroleum, though verygrea* 
is far from being unlimited. Very laige quantities are conaomoi 
for illumination and various industrial purposes; indeed, tb 
supply required for these alone has not yet been exceeded, a 
proved by the very high price which petroleum yet mainiainfl 
The whole amount exported by America in 1863 was 27,19B,24( 
gallons, and in 18G4, 31,119,630 gallons. We need not i 
present take into account the quantity obtained from other sourca 
The price of the best varies from about £19 to £20 per ton 
which is about twenty times that of cool. The inferior kind 
ean, oo doubt, be had for aliDut tidi t\vva coat. 1\. NiaMld,< 
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^^OTiree, become very much dearer were the demnBd aagmented by 
ita nae aa steam fueL K we compare ths sm<Jimtg of conbustible 
matter in eoal and petroleum— and tbis ia the fair way of pro- 
ceeding, since we have a right to suppose that each will, as it 
may, be properly burned — the advantage on the side of petruleum 
is not great ; since coal may be considered to contain 83 per 
cent, carbon, 5 pet cent, hydrogen, and 12 per cent, ashes; 
petroleum, 85 per oent^ oarbon, and 16 per cent, carbon, with no 
residua A great saving in freight ia expected from, the use of 
petroleum ; but, the specifio gravity of coal being considered 
about 1'43, and that of putroleum 0'825, and deducting one- 
third of the apeciiie gravity of the coal, on account of the inter- 
stices left by it, the spaces occupied by coal and petroleum will 
be aa 0'826 to 0-950, or as 1 to 1-152 ; that is, 1,000 tons of 
petroleum would occupy the apace required by 1,152 tons of 
cool : a disadvantage not compensated by the larger amount of 
combu^ble matter contained in it — their caloriiic capabilities 
being, for equal weights, in the proportion of only about 1 to 
I-IS, if we consider that 1 lb. of carbon evolves 14,220 units of 
heat, and 1 lb. of hydrogen GO, 864, or more than three times as 
much. A large amount of the heat evolved by hydrogen is 
wasted on account of the great latent and specific heat of the 
water produced by its combustion. With the coal, some of thu 
Lent, it is true, is wasted in bringing the ashes to the temperature 
of the furnace, and some of the eoal is 'ust with the ashes ; also, 
whether the engine_ ia actually working or not, the fire must be 
kept up, which is not the case when petroleum is used. Against 
I the &ct3 in lavour of petroleum, should be borne in mind the 
i^fficalty of keeping it from communication with the atmosphere, 
', which would cause waste, and the danger of conflagration and 
[ explosion arising from leakage, or from the use of it without 
I extreme caution. In war, a shot through a tank containing it 
I might cause the most lamentable effects." 

I On the same subject, and indeed under the same title, the 

' Mechanics' Magazine — of date August 11th, 1865 — has a pa- 
per from which we take the following extracts ; " A very impor- 
tant question which has recently engaged attention is, whether 
petroleum can be substituted for coal in boOer furnaces 1 " 
_ aoma it is considered impossible, whilst others maintain that wiil 
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a special boiler petroleum woulJ produce nn amount of beat i 
effect equal to four times its weiglit of coaL Captain Selwyi 
has recently diBcnssed its value aa a steam fuel before tbe Boyu 
United Service Institution. Ma estimates tbat where a 
ship is now able to carry Irom uiue to tbirteen days' fuel in the 
shape of eoals, forty or fifty days' fuel coaaisting of petrolenra'i 
might be carried. This estimate is based upon the assertioD that 
mineral oi! is to coal in the proportion of four and a haU to ono^ | 
Another advantage in the use of petroleum would consist in itf 
being a fluid, and capable of heii^ carried in compartments or tanks 
* which again serve, by dividing the large space now necessary fbi 
coal bunkeis, to help materially in preserving or augmenting tha 
extent to which that cellular form of structure can be carried, which 
is tbe surest and best precaution against tbe destructive effects of 
shot or rocks.' But as a set-off against this advantage we ttuolc 
there is tbe fact that petroleum is more liable to accidental igniT 
tion than coaL Eed-hot shot will of course ignite coal, and then 
is great possibility of explosions and complete destruction of thi 
ship, if petroleum were stored in large quantities. The remedy 
BU^csted iu this respect is to lower the vapourisable effects, hj 
distilling off the light spirit. Mr. Kicliardaon, a fellow of thi: 
Koyal Institute of British Architects, answers the question by 
saying, ' If a red-hot cannon-shot were to enter a tank of petro^ 
leum, it would not set it on fire ; it would merely vapourise the 
oil If the tank was iu a ventilated place, the cold vapour wonld 
escape harmlessly; if while tbe oil was vapourising, a light 
was taken to the tank, only suob superficial portion of the 
oil as was exposed to tbe air would take fire ; it could b« 
extinguished immediately by shutting off the air — theiai 
wonld be no explosion ; but if; while the oil was on fire, the 
lank waa upset, the laiger surface of the oil exposed to tbe aii 
.would be one mass of flames.' So that while the danger might 
be materially decreased by proper precautions, there would still 
be the ri^k of a greater calamity by the combustion of oil, evex 
deprived to a large extent of its vapourisable effects, than by tb 
ignition of coal. Mr. Richardson asserts that no dangerous amoaa 
of vapour can escape from petroleum secured in proper iron tante 
But a small escape of vapour would be as disastrous in its effecti 
aa an escape ot gas, which has often blown building to atonu( 
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Captain Selwyn believes that petroleum oil will be found to be 
highly preservative of iron, whetliur from internal corrosion, gal- 
ranically cauaeii, or from the external fouling, which is a great 
defect in all iroo ships. Other advant^es may be euumeratcd, 
Fewer stokers would be required. The labour attendant uptin 
gftling ap ashes would be abolished. The light spirit might be 
luod as a substitute for turpentine in oil paintings. An euthu- 
liftstic American engineer estimates the saving in the use of oil 
us against that of coal to be mora than nine-tenths in bulk, and 
thnw-nuartetB in expensea, in running a ship fi«m the United 
Slates to Liverpool or China. This is, however, a statement made 
on the authority of a sanguine patentee. . . . The use of po- 
tmlenm as steam fuel would necessitate the oonatructton of a 
diOetent kind of boiler to that now in general use. Mr. Rich- 
atdsnn has suggested a grate which can be started in a minute, 
It, he says, the petroleum spirit were extracted from the oil, the 
fire in the grate would take longer to light, probably eight or ten 
minutes, but the oil would be entirely deprived of the character 
of apontaoeous combustion. Mr. Eichardsou says not only that 
lie has no fear of the (q^irit, but would rather it was not extract- 
td The oil is not explosive. When contained in iron cisterns, 
or metallic teases carefully closed, it might vapourise without danger. 
The manufacturers of these cases allow space, or have a ooiitri- 
Tgnce for permitting extra vapour in a warm climate. In 1864, 
*1.196 barrels of refined and crude oil wore imported without 
uddont. It appears that insurance companies have coneiderably 
rmluced tbelr chaigas on petroleum ; and the Belgian Minister of 
the Interior has declared tliat the merchandise in this oil is not to 
be specially regulated as a dangerous article. Mr. Ftentis, a manu- 
facturer uf Birkenhead, has adopted the plan of collecting the gas 
wolvod during the prociiss of refining petroleum, and using it 
fur lighting purposes. It appears that petroleum produces a gas 
tbflolutely free from impurities, and one foot of oil gas gives the 
light of three feet of ordinary coal gas. Mr. Bicliardson is very 
nnguine as to his expectations of the tiiture use of petroleum in- 
', of gas. A time may arrive, he says, when every house- 
», by keeping a tank of petivleum in the upper part of his 
Ung, csonld have flame kid on to every stove in hla house, 
~ ■ to Mb gaseliera, rendering bjin qIi^q ui4a^«\iiwi\i 
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of the coal mercbaiit und the gas couipaTiy. How 
such a revolution might be, we fear householders will long r 
tain theit prejudiced ttgainst the u^ of petroleum, especially whoE 
stored in large quantities. Why it should nut be advant^eoualn 
used for locomotive purposes, we are unable to say. Wi 
with Mr. Mallet ia his obserratinii at the discussion c 
Richardson's paper, that the use of petroleum as a fijel for steam 
ships must ultimately take place." 

In the above extracts notice ia specially made of Mr. Richard 1 
son's experiments on the use of petroleum. The following b part 4 
of a letter which this gentleman recently addressed to the editoi 1 
of a Metropolitan Journal " The result of the experiments wife I 
my grate at Woolwich Dockyard has more than fully eonfirmai I 
tile value of the oil above coal for stoara fuel, as firet proved by J 
my experiments at Chelsea. Several of the naval engineers who ( 
saw the grate said it was much too small to get up steam, its 1 
superficial contents being only two feet It was placed in poai- " 
tion under the boiler of a powerful steam hoisting engine of foni 
teen horse-power, capable of being worked up to 24 h. p. ; thi 
size of ita coal grate was nine feet super. With the water a 
at starting, and with a consumption of only live gallons of o 
in two and a half hours it caused the steam to blow off fuliyi 
one hftlf-hout of the time the valve fixed at 10 lb. pressure. ~" 
grate of thin cast-iron, in four separate pieces, was not sufficiently J 
strong to bear the pressure, which was fully equal to f " 
atid, as it indicated weakness, I drew off the oil, about i 
Ion, five having been supplied. If the coal grate had been t 
duced to two feet super, I question whether it would have don| 
as much in eight or ten hours. I submitted to the ( 
the yard drawings for a wrought-iron grate, to be fixed to a 
make part of the boiler ; and I have been requested by the A 
miralty to send these drawings to Woolwich for esl' 
made, so. that it should be tried on a large scale, The drsij] 
iuga I left there thia morning. 

' It was in yoiir paper that I first saw the report of Profeai 
I'fiaber, of ^Newhaven, speaking so strongly as to the absurdity (j 
I petruleuia competing against coal as steam fuel ; other analyt" 
Kcbemista of equal eminence in England have followed suit. 
'utely a notice appeared in the Twice of thra experini! 
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Woolwich came a lettor, atating that ' a very slender eonaiJera- 
tion of the character, composition, and cost of petroleum would 
be sufficient to show the impractieability of using it as fuel in 
such a case. The heating power of petroleum is certainly highei 
than that of coal =; 15 : I'd. But the price of petroleum va- 
ries from £15 to £30 per Ion. , . . Now, these facta will 
be sufficient to convince aay one of the impracticahility of using 
petroleum as a substitute for coal in steam vesseb, quite inde- 
pendently of any contrivance as to the mode of burping,' Al- 
most the words of Professor Fisher. I received a letter from an 
eminent engineer (in the early stage of my experiments), whom I 
had asked to view the process, almost in the same strain ; this 
gentleman I afterwards found was the owner of some valuable 
patents entirely dependent upon the use of coal as steam fuel. I 
can well imagine that when petroleum comes into use instead, it 
will causa soma considarahla jealous excitement. Coal mines and 
their monopolies are too valuable a property to let slip withont 
a struggle. My answer to Professor Fisher, and aD analytical 
chemiBts, is this: If coal could he fully utilized, their atatements 
woald be correct, but it cannot ; through the present system of 
rapid firing one half the fuel goes off in heavy black smoka, ow- 
ing to the impossibility of supplying sufBcient air to effect the 
combustion of the gases the coal gives off when heated. By 
earefui firing and the use of the Argand furnace, the entire pre- 
vention of amoke can be obtained, and the fuel be more fully 
utilized. But there is a prolific cause of waste, which is beyond 
tiie power of any Argand furnace or careful firing to cure. Coal 
can. only be burnt by supplying it with a strong draught or cur- 
rent of air ; it requires a tall chimney — the taller the better, 
because the quicker the draught. This current of air must be 
formml before the coal is put into the furnace; large logs of 
wood nra fired, the furnace doors being kept open; when tlie 
coal is put in a welding heat is often obtained through the quick- 
ness of the draught. The office of the tubes and flues in the 
boiler is to obtain as much heat aa possible from the passing 
current, going several hundred cubic feet par minute. Wlian 
the current of heated air enters the chimney funnel it represents 
waste heat, and is never less than 600° F. In a lata work by 
biiy^' WiBiama, no awsond authority ontlila avthjwAi, e,'£&*Ot^^ 
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' On the Steam Generating Power of Marina and Locomotivei 
Boilers,' be details three careful experiments as to the beet form' 
of boiler to obtain the greatest amonnt of heat from the fuel. Hs 
gives the temperature of the waste beat to the first experiment 
(he ealla them properly ' the escaping producte in the chimney,'] 
as 1060' ; to the second, 760° ; and the third, 635° ; and this, 
be it observed, with the conaumptton of only 3 cwt. of coal ta 
each experiment. I should like Professor Fisher to give 
temperature of the waste heat in the chimney of a furnace bnnv- 
ing from 20 to 30 tons of coal per day. We know the current 
is so strong that it often carries up small coal and cinders alon^ 
with it : that the heated gases often take fire by a spark from 
the furnace, and burn at the top of the funnel with a fierceness 
almost equalling the liame from a blast furnace. Is this fiama 
or waste heat employed in creating steam ) and how much is the 
coal utilizedl If we place the figures thus — petroleum ^ Vi, 
coal ;= 0'4, it would very likely be too much in favour of the 
coaL We shall never fully learn the wicked waste we are now 
making of this valuable fuel until petroleum supersedes it, which 
it certainly will do within a few years." 

38. Peat as a Steam Fuel. — The enormous supply of peat in 
various districts of this country (see end of par. 40) and in other 
parte of the world, has naturally attracted the attention of aoien- 
tific men, with a view to economize it as a fuel The following 
article from the " Scientific American "—of date April 29th 
1866 — followed by the article from the "Mechanics' Magazine" 
which it refers to, will place the leading features of the question 
before the reader. " In another part of this issue we have given 
extracts from the London Mechanics' Magazine, concerning some 
interesting experiments made with peat as fuel for steam engines 
— locomotives in particular. 

" From the article it appears that the most extraordinary re- 
sults were obtained with peat when deprived of its moisture, and 
condensed by a machine specially designed for the purpose. It 
may be that in peat we shall find an economical substitute for 
coal ; at its present prices, and even at rates much below, for ths 
marketing of the former substance or preparation of it so as to 
ronder it available must certainly cost far less than for coal So 
nhiifta have to be sunk, no extensive and ao^Vj 
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iog and snrveyiog are needed, and beyond the expense of the 
machinery for condensing it, or getting the water out of it by 
mecLuiicat processes, little seenis to bo required to utilize the 
lep(^t with which, nattue has corerad large tracts of land in 
'' is country. 

" The Chicago Tribune thus speaks of a sample of peat which 
k has received from parties owning one bed which is estimated 
contain 250,000 cords: — 

' ' This peat, in colour, resembles the outside of pressed to- 
co .that has been exposed to light and air, and is quite as 
^id and heavy. The internal structure is so compact that on 
ting it with a knife a smooth polished fiurface is formed, 
e specimens that we have bum with a flame clear and bril- 
_ mt as seasoned maple or hiokory, and produce no unpleasant 
odOQi like coaL Specimens of the peat have been exhibited to 
Dr, A. A. Hayes, of Boston, analytical chemist ; Dr. E. Carr, 
Professor of Chemistry in the Wisconsin State University, and 
other distinguished practical men, and they speak highly of its 
merits. Professor Hayes says, ' its flamidg quality is of a marked 
character,' and that ' the inflammable port has a high heating 
power, and bums freely and clearly from the ash. Tuke the 59 
[larta of the inAammable compounds, as representing the positive 
combustible matter of this peat^ we have an equivalent closely 
corresponding to that of oak wood ; and I am led by my results 
to expect an equal heating power from an equal weight of this 
peat, burned in compaiisou with wood.' In r^ard to its gas- 
mftking powers. Prof. Hayes says, ' it exceeds all common can- 
nela, and of course is far above any bituminous coal, and can be 
(pfked with poor coal to make good gas. Tliere are only two 
e cannel coals known which afford so much illuminating 
latetial, placing this peat in the iii'st class of gas materials.' 
" In former numbers of the Seienlijic American much has 
1 said regarding this Bobstance, and one of our largo iron 
nrkers having tried it^'as not impressed with its great utility ; 
^t where such stnkiJ!!^ results as that recorded in the Mechanic/ 
Vaffozine are obtajflfbd, and the testimony of scientiiic men is 
freely given as U^'ita value, it would seem that further experi- 
ment here woulii'be likely to establish its character as a cheap 
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^P The following is the article in the Mechanice' Magaz 

H lude<i to in the abuve. " The value of poat, when properlj 
V dried, ia voll-known and admitted both lai dome^ic fuel and fg 
' generating steam; and charcoal properly made from such peat ii 
in all respects, equal, if not superior to wood charcoal. Whel 
dug &)m the bt^, peat generally contains from iiftj to seventy 
five per cent, of water. The diiflculty of getting rid of ao mu ' 
moisture has led to a preference for the upper portiona of t 
deposit, vhich alxjund most with roots and coarse fibres, and pan 
most readily with the water not actually shut up within thos 
lihrea. But this produces an inferior fuel which will not stan< 
the blast nor make a good charcoal. The inference drawn &oni 
practical experience is, that to insure commercial auccess in uti- 
lising peat, the operation must he inexpenaive and expeditious 
costly machinery being avoided. To produce a perfect fuel tl 
coarM roots must be removed and the smaller fibres broken up, 
These objects appear to be accomplished by a simple inachiite^ 
the invention of Mr. Buckland (see next par,), wiiioh was to 1 
8e«n in operation at the International Exhibition, 1862. K 
fuel prepared by this process is called condensed peat, in contra- 
distinction to cumpreBsed peat. From four to five tons of pi 
as taken from the hog are required to make one ton of dry ci 
densed peat. The cost varies in different localitiea, but it may 
be safely aasumed tliat the average cost will not exceed that oC 
coal at the pit's mouth. Peat thus prepared burns very freely, 
will stand a powerful blast, emits great heat, is smokeless, and 
produces less ash than the average of coal or coke. It is impei^ 
vious to water, improves by keeping, and is incapable of eelt- 
ignition. From two and a half to three tons of prepared peat 
will make one ton of excellent charcoal, according to the degree 
of carbonization required. 

" The general heating power of the condensed peat baa been 
proved to be very superior to that of coal ; and, in fact, this ar- 
ticle appears to he well adapted as a fuel for steam engine^ 
whether marine, stationary, or locometiVB, iLs use has been, 
found to eifect a saving of fifty per cent, in time in generating, 
eteam, and it wiil do double duty as compared with caaL The 
absence of smoke and clinkers, and the preservation of fumacq 
i boileirs t'lvm the da 
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I additional and important advantages. Tho peat has 1 
ii oil board a river ateamer witli perfect Biiccesa, The veeBel 
B ttnder steam 3 h. 20 min., daring which time the total quan 
f eousuiiiBd was 12 cwt., the average coiuumption of coal for 
: trip being 13 cwt. per hour. It Bhould bo observe<i 
it the full effect of the fuel was not here obtained, aa the fire- 
is, being of the ordinary deaeaption, were too wide apart for 
Bt, consequently a portion fell through only partially consumed. 
" The locomotive engineers of these railways in Ireland united 
carry ont a practical trial of the condensed peat, on the Bel- 
it and ^tortliern Counties Eailway, with the view of testing its 
alities as a fuel for locomotives. The trip was made from 
■rack jnnction to liallyniena, a distance of twenty-seven miles. 
Uriog the whole of the journey there was an excess of ateum, 
iuagh the tire-door was kept continually open, and the damper 
a. fijr tlie greater portion of the distance. The pressure at 
ing was 100 lbs. per ajuare inch. _ The commencement of 
) journey was up an incline of 1 in 80, four miles long, and 
tb double curves ; wliile ascending the incline the pressure 
M to 110 lbs., and alterwards to 120 lbs., and thia with the 
jor open. This speed was about 40 miles per hour. While 
the way the fuel emitted no smoke, and very little when at 
tiona. The fire-bos was esamined at Ballymena, and a very 
all portion of clinker was funnd. The smoke-box was per- 
tly free from cinders or dust — a proof that the fuel had stood 
i blast exceedingly well ; and it ia the recorded opinion of the 
perimenters that the condensed peat was in every respect well 

s a fuel for locomotive purposes." 
39. The Muiiu/acture of Condensed Peut. — The process of 
g the condensed peat which ia referred to in the last par., 
d which is patented by Mr. Buckland, is thus described by Mr. 
Hmsey in his paper on "Fuel" already alluded to. "The 
t of mauufactura is as follows : — Immediately the peat is 
•% trom the bog it is tlirown or tipped into a hopper, beneath 
' h is a strainer formed of perforated metal, and within the 
a an Archimedean screw. At the bottom of the strainer 
a small opening through which any very coarse undecomposed 
It-and fibres wiicb wiU not pass throi^h the perforations of 
^" '" - , ivaste pipe and aru rcjecteA, Qt -mtt^NA . 
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B^ used for any purpose not requiring superior fueL By turning 
H the screw within the strainer the small fibres are cut up by th« 
W sharp edges of the perforated metal, throngh which they pass 
with the decomposed part of the peat with which they thus be- 
come assimilated. A strainer of two feet in diameter, with per- 
foration of one-eighth of an inch diameter, and fifteen to the 
8C[Tiare inch, contains about 12,000 holes, which are equal to an 
aggregate aperture of a square foot. A strainer of this eize wilj 
discharge about eight tons of peat per hour, or nearly one hun- 
dred tons in twelve hours. The decomposed peat protruda 
through every hole in the strainer, and drops, in vermicuitt 
forms, upon an endless band which delivers the strained peaj 
into a brick machine which will moold in any suitable shape m 
size. The operation of moulding the peat into one of Clayton'i 
small brick machines was to be seen in the International ExhJ 
faition. The strainer being enclosed in a heated chamber, witfi 
an opening for the escape of steam, the moisture is rapidly drives 
off fcom the worm-Uke strings as they fall upon the band, giving 
solidity to the mould blocks of peat as they pass thriagh the di< 
of the brick machine, and their being then at high temperatun 
expedites the subsequent process of drying. Very little powei 
is required for the whole operation, which is performed continu' 
ally and with great rapidity, The moulded blocks of peat an 
removed to a drying shed through which a cuiTent of hot moist 
air passes, and they soon, without compression, become as honf 
as oak, and more dense than any peat submitted to hydraulic 
pressure, the specific gravity being from 1"15 to 1"50, and that 
iif highly compressed peat I'OB. From four to five tons of wet 
peat, as taken from the hog, are required to make one ton of dry 
condensive peat, the total cost of which necessarily varies in 
different localities, but it may be safely assumed that the aVerago 

I cost will not exceed that of coal at the pit's mouth. Peat tho*. 
prepared bums very freely, will stand a powerful blasts emita ' 
great heat, is smokeless, and produces less ash than the average 
of coal or coke. It is impervious to water, improves by keeping. 
and is incapable of self-ignition. From two and a half to thre 
tons of prepared peat will niakd, one ton of excellent chorccM 
according to the degree of carhdoization required, the coat n 
vhich would he about lOs. poi Wiv, \iii.\. vq conN'otYB'j, ■Cc 
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peat into charcoal, 1 cwt of hydro-carbrm, or peat tar, may Im 
drawn from one ton of peat, the value of which, for iUuminating 
Mid lubricatrag purposes, will greatly reduce, if Dot entirely covur 
the cost of the charcoal 

"The general heating power of the condensed peat is very 
Hiperior to that of conL The fuUowiiig is a. tabulated Btatement 
of some experimenU made by Messrs. Jackson and Townsoii, 
with the view of aacertaining the comparative boiling, evaporat 

iuiiples of peat and one of coal were tried, the same quality of 
etch in weight being used : — 




Firel. 


Timeiu which the 
sanie body of wa- 
ter wasbrought to 
the boiling point. 


Time in which tho 
same body of wa- 

ed. 


Tiroe in which the 
complute fn-sion 
WHS effected. 


1 


CobI (good for- ■) 
Feat, No. 1. 

.. .. 2- 

:: :: I 

.. .. fi- 


a minutea. 
14 ., 


14 minutes. 
7 ., 


31 minutes. 

n ,. 

17 „ 
28 ,. 
1"! ,. 
11 .. 


of beating power ; its durability is also much greater than that 
nf the other four samples. All the samples were produced from 
the same bog, and were of fair average quality, but had heea 
mbmitted to diiferent degrees of heat in drying, bo that the 
difference in their results was due to the mode of ti'eatment and 
iiut to any difference in the quahty of the peat The duration 
of the fuel, after ignition, was the same with the coal as with 
tn equal weight of the No. 6 sample of peat. The duration of the 
other samples of peat was one-third less than that of the coal. 
"The condensed peat appears very well adapted for steam 

■Bbvae has been found to eilect a saving of fifty [»:i- cent, in time J 
^Hseuerating steam, and it will do double duty as compared with ■ 
^H£ The absence of smoke and of clinkers, and the ^reserva- 1 
^^k c/ £w bars and boilers from the destructive 6ttwi\fl ot W* 1 
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■ulphur in coal, are ailditiouul and importaDt advantages. Ii 

triid trip, inadu by Mr. Fothergiil, with a rivor boat using t 

condensed peat, the vessel was uuder 3team 2 h. 20 min., duri 

which time the total liuantity consumed was exactly 12 ow 

The average consnmption of coaJs for a similar trip ■« 

per hour. In this instance the Are bars, being of the ordinal 

description, were too wide apart for peat, and thus the full effe 

of the fuel was not obtained, as some portion passed throuj 

only partially consumed. There was no smoke, i 

any deposit of clinker on the fire bars — two valuahle properties 

iO, On Torbite — a new Preparalitm of Peat — and iU uu 
— From a paper under this title, read by Mr. D. K. Clark, C. 1 
before the British Association, we take the following extracts, 

" According to the system matured and established at Horwic 
the peat, as it comes from the bog, is thrown into a mill expressi 
constructed, by which it is reduced to a homogeueouB pulpy coi»-^ 
SLstency. The pulp is conveyed, by means of an endless baiu&d 
to the moulding machine, in which, while it traveb, it is fotme 
into a slab, andcut into blocks of any required size. The blocl 
are delivered by a self-acting process on a hand, which conve; 
them into the drying chamber, through which they travel fi 
and backwards on a series of endless bands at a fixed rate t 
speed, exposed all the time to the action of a current of heated a 
The travelling bands are so arranged that the blocks of peat e 
delivered irom one to the other consecutively, and are by tli 
same movement turned over in order to expose freeb surfaces a 
regular intervals tu tbe action of the drying currents, bo that the 
emerge irom the chamber dry, hard, and dense. To the f 
substance thiis treated the name of 'torbite' has been gives 
from the Latin torbn, by which name peat is coustoatly n 
tioned in ancient chartoi's. 

" The next stage in the process is the treatment of the torbil 
in close ovens, when it may either he converted into charcoal fi 
smelting purposes, or may be only partially charred for i 
fuel for generating steam, or in the puddling furnace. 

" The whole of the Horwich system Las been planned with 
view to the utmost economy of time and labour. The raw pes 
is nearly altogether automatically treated by steam power- 
iroduced at one end it issues feoTft the oftieT vivftm ^vii ^ ti 
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X wiUiin twenty-four houra after it ie exv&vaUiil from the bog, 
li the manual labour espeiided ia almost entirely limited to tho 
st operation of digging, consequently tlie actual outlay in labour 
' 'n the production of the charcoal does not exceed from IOh. 
123. per ton ; hat, in addition to the economy thus efibctod 
fj chamng, in close ovens, a cotisidorable quantity of valuable 
mioal products are yielded, as ammonia, acetic acid, pyroxylic 
^rit, paraffin oils, the sale of which alone will nearly cover tlie 
piiqienseE of the whole process. 

"The fatty matter separated by distillation forms an excelleut 
RJnbricatiBg grease, the yield of which averages about 6 per cent. 
I Erf the weight of charcoal produced ; in its crude state it has been 
Bnld for £13 per ton st Horwich. 

"Tbe charcoal made from torbite is extremely dense and pure ; 

b heating and resisting powers have been amply and severi'ly 

1, and with the most satisfactory results. At the Horwich 

iorka pig iron has been readily melted in a cupola. About 80 

s of superior iron have been made with it in a small blast fur- 

« measuring only 6 ft, in the boshes, and about 26 ft. high. 

lO ore smelted was partly red hematite and partly Staffordshire, 

d the quantity of charcoal consumed was 1 ton 1 1 cwt. to the 

a of iroti made, hut in a larger and better c<instruGted furnace 

Dsiderably less charcoal will be required. It has also been 

2 puddhng and air furnaces with equally good results, con- 

»bly improving the quality of the iron melted. For this 

e the fuel was only partiaUy charred, in order not to de- 

■)iiive it of its flame, which is considerably longer than that from 

mL Some of the pig iron made at Horwich was then con- 

1 into bars, which were afterwards bent completely double 

AeD cold without exhibiting a single flaw. Messrs. Brown and 

IX, in testing this iron for chain cables, have reported that 

I strength was proved to be considerably above the average 

3Dgth of the best brands. 

■' In Germany peat mixed with wood charcoal is very exten- 
rely aaed in the production of iron, the peat as prepared there 
it being sufficiently solid to do the work alone, but it ia found 
it the greater the proportion of peat that can be used the bet- 
IT ia the quality of the iron produced. The gas delivered from 
~ i Amacea has also been satisfactorily eraipVo^Bi. va \!wft 
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refining of iron and the puddling of steel. The value of peat 
tht) production of iron has long been established. Iron, me^ 
lurgists are agreed in the opinion that iron so piodaced is 
very superior quality, In every stage of iron manufactare, ai 
in welding, peat charcoal is most valuahle. At Messrs. Hid 
and Son's forge, in Bolton, a }arge mass of iron, about 10 
square, was heatod to a welding heai with peat charcoal made 
Horwicb. The time occupied was less than the operatioi 
have taken with coal; the whole mass was equally 
through without the slightest trace of burning on the oat 
and in hammering out the mass as much was done with one 
ing as ordinarily required two heatings to effect. 

" The importance of obtaining an abundant supply, at ohi 
rates, of peat charcoal, cannot, therefore, be too highly estimat 

" For the generation of steam the fuel made at Horwich 
also been well tested, and its superiority over coal practically d< 
iiioustrated both in locomotives and stationary engines. 
Northern Counties Railway of Ireland a train was driven with 
from BeLfiist to Fortrush, a distance of seventy miles. The 
suit at the end of the journey showed a saving, as regards weigl 
consumed, of 25 to 30 per cent, over the average of tbi 
working with coal on the same journey. There was 
of steam throughout the ruu, though the fire-door was 
open and the damper down. At starting the pressure 
lb., but during the trip, and while ascending a steep incline, 
rose to 110 lb., and afterwards to 120 lb. with the fire-door 
While running there was no smoke, and vetj little when f 
ing stUl. 

" At the Horwich works the fuel was tested against coal uni 
the boiler there. This was done on two consecutive days, t1 
Hre having on each occasion been raked out the night previous. 

" The following redulte were obtained : — Coal got up steam 
10 lb. pressure in 2 hours 25 minutes, and to 2S lb. pressure 
3 hours; peat fuel gut up steam to 10 lb. in 1 liour 10 
and tu 25 lb. in 1 hour 32 minutes; 21 cwt. of coal maintained 
steam at 30 lb. prosaure for 9 J hours; llj^ cwt of peat fiiet 
maintained steam at the same pressure for 8 hours. i 

" But in addition to this a lai^e economy is effected by the oaa 
€ifpeat fuel toi the generation of steam in the saving of boilett 
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and fire-bars from the destruction caused by the sulphur iu eoiil, 
from which peat is free. In Bavaria peat fuel has been used on 
the railways for several years past, and the economy efleotod by 
its use in the wear and tear of the engines is stated by the offi- 
cials in theif reports to be very considerable. 

" The boga of Great Britain and Ireland cover an area exceed- 
ing five milliona uf aci'es, the aven^ depth of which may bo 
taken at 20 ft. Nature has thus supplied us with the means of 
aiiding to oar stock of fuel some twenty thousand milliona of 

" In Ireland about a million and a half of acres have been 
thoroughly surveyed. In tiie reports of these surveys it ia stated 
that beneath the peat an excellent soU, well situated for drainage, 
was found fit for arable or pasture land. Wten it is considered 
what peat is capable of doing, and all the results involved in the 
question of utilizing peat, it is impossible not to feel impressed 
with the conviction that in what has been accomplished at Kot- 
wich the foundation has been laid of an undertaking of great 
national importance and interest." 

41. Artificial Fuel. — From the vast quantities of refuse and 
other material which result from our coal-working operations, it 
haa long been a point of importance to have some means of uti- 
lizing thetn. In referring to the various moiles in use to effect this, 
Mr. Nursery — in his paper on fael read before the Society of En- 
gineers, and from which we have already quoteil — thus remarks : 
" Very few have proved commercially snceessful, or even practi- 
cally adaptable to the necessities of steam engineering. Of the 
few that Lave succeeded, three only appear to have attracted par- 
ticular attention by their merits. These are respectively War- 
Uch's, Wylam's, and Bell's patent fuels, and they occupy very 
good positions in the tables of results of Sir H. de la Beche and 
Dr. Lyon Playfair's experiments previously noticed. With re- 
gard to their comm.ercial position, Wsilich's would seem to have 
maintained the supremacy ; information respecting the other 
two is scant and questionable. 

" Warlich's ph^tont fuel ia manufactured of the best "Welsh 

steam coal 3creeniiir*Is, deprived of foreign matter by machinery, 

and then inoorporatjfed with a bituminous substance. The mix- 

• ture is passed tkni'Tgb pug mills, and pressed into &;^uz% \i\i^^!£& , 
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ui, X 5 ill., under & pressure of three tons per » 
inch, and are afterwards subjected to ahout 800 deg. of heat i 
retorts, by which means the noxious gases, alwaya esiating in coi 

e neutralized and driven off, and the fuel rendered not only ii 
pervious to the influence of climate, hut also perfectly free froa 
all liability to spontaneous comhuetion. 

"Among the advantages possessed by this fuel may h 
ticed its freedom from smell or dust Being in square blocks if 
s well adapted for stowage, and, forming a compact m 
from the evil present in the finest Welsh coal— a large per- 
duat; in fact, all the fuel shipped is available for uaflL 
at the port of discharge. Economy in space is another point 
It occupies about one-third leas space than ordinary coal, ant 
from its compact and uniform character it can be etowed o 
and in other places quite unfit fur the stowage of coal Eca 
nomy in consumption — a most important feature — is abimdant^ 
proved by the Government trials made at Portsmouth, and p 
sented to the House of Commons in June 18S8. 

" All coal deteriorates rapidly if exposedto the weather, and ii 
course of time becomes comparatively useless : but froia its pecu 
liar manu&cture, this fuel suffers no deterioration from the tnja 
s effects of climate. Its freedom from spontaneous coipbu^ 
tion is consequent upon the adaptation of heat in it 
tare ; there has not been an instance of spontaneous combnstltfl 
during the twenty years this fuel has been in use, It effscta ■ 
great saving of fire bars. Welsh coal, as is well known, ii 
destructive in tbb particular. In some cspori.mcnta conductel 
by Dr. Lyon Playfair, at the instance of the Government, w 
a view of ascertaining whether the health of passengers a 

b were at all impeiilled by the storing of fuel on board fihi{ 
several interestiag facta were eliminated. The fuel was put t 

e testa and was found unobjectionable. On coking » 
the fuel it produced 83'47 per cent, of coke, thus showing tha 
it contained a larger amount of fixed carbon and leas volatil 
matter than ordinary coal. The amount of ash was fi'67 ] 

" This fuel is very largely used on foreign irailways, both on I 
Continent and farther abroad, there being dqpolB in sevOTal paP 
I oftho world. Works for its pTodinAinn exW oa. ai 
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scale at Swansea, whera 100,000 toua ore produced annunlly, tlio 
workiiig tune being ten haute per day ; by night and day work 
the annual yield of tliese works could be doubled without tn- 
cteaaing the present staff. The usual stock is from 16,000 tu 
JIO.OOO tons ; a thousand tons can be loaded iu ten hours, so 
e the facilities the size and form of the fuel could atfonl 
nthif respect. Ita cost is about 13s. per ton delivered at the 
wka, wliich is also the price plus freight to nuy other part " 



t 42, Coke Ovens. — From an article in the Mechanics' Maga- 
be, under date March 24th, 1865, we take the following ex- 
-"These ovens vary considerably, as well in their form as 
T constructive details. Some are circular and are used 
igly, or in connected groups ; others are square, and bnilt in 
'ght or ao, having a series of air passages formed in 
e brickwork, the ovens being connected with a central flue. 
BSnt it is not so much the form of the ovezt, as the proper adniis- 
"r to the coking coals, which has an important influence 
ii^ the character of the produce. There is no great superior- 
[ i^ in the results of working with the most elaborately constructed, 
lind consequently costly ovens, over the cheaply-made circular 
■ Ovens, having a well-regtUated supply of air, Thia description 
1 is circular in plan, with a domed roof having a central 
ming, and built of a capacity sufficient for holding a chaise of 
)r six tons of ooal. A necessary amount of air is ad- 
ilitted by openings left at the top of the doorway, whicli is built 
nth brick, and the air holes are finally closnd as required and 
d with clay. The brick-built door is taken down when the 
8 «f coking is completed, and water ia injected to cool down 
I, which is forthwith removed by a shovel suspended 
rom a crane, and the oven is then ready to receive another charge 
of coal. Messrs. Cory use ovens of this description erected in a 
group and connected with a, central flue. In Church's circular 
ovens, which are npon the same general plan, a series of air pas- 
sages are formed beneath the coke bed, and out of contact with 
the coke. These passages are opened ou the completion of the 
coking process sod a current of cold edi is Iheich^ adxail^tad 
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which asaiets in cooling down the hot coke, no water heiag ased 
for this puipose. The effeat of thia is the production of a per- 
fectly dry coke, free from all moisture, until absorbed from the 
atmosphere. Coke thaa made was for a time held in consider- 
able repute for its steaming power. But the pl&n of cooling with 
3T ie now generally preferred, and for the reason that when 
the coke is drawn out hot and cooled outaide the oven a greE^ 
quantity of email coke results, whilst when cooled with watee 
inside the oven there is a better return of large coke. 

"An improved form of oven, in which both coke and gas caa 
be made at the same time, was patented a few years since by Mr. 
Cox. The arrangement consists of an oven having a return flua 
over it, and over this again is a gas retort, the ovens being buiitt 
in a row, and communicating with a contra! chinmey. In tha 
brick piera which separate the oveos, passages are loft, which opeii 
into the back of the oven, and through which air is admitted; 
the air thus becomes heated before reaching the coking coal, oval 
which it passes to the &ont of the oven and thence through th« 
return flue under the gas retort to the chimney. The retort i» 
acted on by the escaping beat of the oven, but for coking on]]; 
the chimney might be placed at the front of the oven, and thv 
cost of erection be thereby diminished, without the quality of thsj 
coke beiog impaired. An iron &ame or cradle ia placed on thi 
floor of the oven upon which the coke is drawn out hot and tbeJt 
cooled with water, but this plan involves a larger quantity oj 
small coke than by cooling in the oven, the coke being more fri- 
able when hot The coke ovens of the Bristol and Exeter Kail- 
way at Bridgewater are a good example of an efficient arrange- 
ment ; they embrace modiiications of both Cox's and Church's 
patent ovens. A series of cooling air passages beneath the coke 
bed, as in Church's oven, are made to come in contact with the 
coke to promote equal ignition, and the side air passages have J 
frequent openii^ into the oven. There are also upper passc^ev, J 
for the further regulation of the admission of air. These o^ 
are buiit in blocka of e^ht, two rows of four being placed l 
to back, and communicating with a central chimney. The lowcq 
sets of air passagea are left open for a short time to promote th<d 
equal ignition of the whole mass of coal at once, and when tT ' 
has taken place they are closed. Ey the upper passages the s 
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ply of air to the burning fuel is regnlated, and by the aide opan- 
inga tlie air is distribated above the burning mass as equally as 
poBsible, The yield of these ovena is about 1 3 cwts. of good 
coke, 6^ cwts. of small and waste coke, &om a ton of Cardiff coal ; 
besides this there are some ashes fit for hme-buming. The in- 
crease in the comparative quantity of sniall to large coke ib pro- 
bably consequent upon the use of cradles similar to that employed 
in Cox's ovens, upon wliich the coke is drawn out hot, which 
method of cooling, as already noticed, tends to increase the quan- 
tity of small coke. 

" In all these ovens the process of coke-making is carried on 
in a similar manner. They are charged with their respective 
quantities of coal in such rotation as to produce the necessary 
supply of coke each day. When the plan of drawing the coke 
hot and cooling it outside the oven is adopted, the fresh charge of 
coal is readily ignited by the heat of the oven, but when the coke 
13 cooled inside the fresh coal requires to be lighted. After each 
fresh charge the door is lined inside with fire-bricks and made 
air tight with a lire-clay luting. In some cases, as in the circu- 
lar oTens, no door is used, but the opening is built up with fire- 
bricks, openings being left for the admission of air, such openings 
being closed as coking progresses. The process of coking occu- 
pies from forty-eight to ninety-six hours, the variableness of 
duration being the result of several cireumstances, such, for in- 
stance, as the composition of the coals, the class of oven em- 
ployed, and also atmospheric conditions. A much longer time 
is Docnpied in the process when the coal contains but Httle sul- 
phur, although an excess of sulphur is injurious to coke. Where 
a has been found electricity has sometimes been employed 
move it before the coke was drawn. But a certain amount 
olphur promotes combustion, and, in this respect, the Khonda 
y coal of South Wales makes a better coke than the New- 
fc coals, which contain a greater amount of aulphur and are 
r Bnitsd lor household purposes. In making coke the pro- 
> of combustion has to be observed, and the admission of air 
accordingly. When flame ceases to issue from the 
IS of fuel the supply of air is shut off, and this is done 
e time previously to the coke being cooled. It is the duty of 
^optte-bumer to regulate the admission of air and to watch the 
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pTogreaa of comlmation by ej'e-holes left for th&t poipOBu. Much 
depends upon his care and ekill, and therefore, with a judiciooa 
exerciee of care, the cheaper class of ovens ore, for all practical 
purjjoaea, as eiSeJent a3 the most expensive," 

43. Skmca'g Regenerative Gas Fumases and Produeeri, — - 
The following is an abatract, given in " London Journal of Art%* 
of a paper read before the British Association by Mr. S. N. R 
Cox, descriptive of this important invention. " The paper openadl 
by stating that the syst^ti of regeaerative gas fumaoes havinj 
now been before the manufacturing world for several years, and 
employed for the manufacture of glass of aU kinds, of iron and 
steel, and nearly every other article in the production of wbicfa 
great heat was employed, and having proved in nearly every casA 
successful, it bad ceased to be an experimental syetem, and had 
become aa established and recognised success, The paper thea 
described, by the aid of diagrams, the construction of the fumaoa 
in which the gaa was burnt, and the gas producer for all descrip- 
tions of fuel, except binding coal, the method adopted for mak- 
ing the gas, and then the binding coal producer, and the natun 
of the fuel By the prooeaa, a flame was obtained (equal to & 
white heat) which contained nothing that could injuriously affect 
the most delicate manufacture, for even sulphuring was prevented; 
for the sulphur ia separating from its hydrc^en took up oxygen 
supplied by the carbonic acid and water, forming sidphuiooB 
aeid, a firm compound, which was not decomposed on meeting 
metallic oxides in the furnace. The nature and intensity of the 
flame was also under the iostaat control of the man is chai^ of 
the fomace, so that the chemical nature of the flame could be 
altered at will — one minute an oxidising flame being obtained, 
and the next a reducing or carbcniaing one. So also the amount 
of the flame could be altered &om the smallest flicker to the 
complete filling of the chamber with an intense body of flame. 
The paper pointed out the immense advantage thus obtained in . 
lumaoes where the dehcate operation of heating or melting steel 
was carried on ; and hence a great number of influential firms 
were now adopting the fumaoes in England for re-heating pur- 
poses, especially for reheating steel blooms and ingots. Tha, 
paper contained statements from firms using the furnace, stating 
the farourahie results of their experiments. It pointed oat thai 



KrusicEs-I SiEMEN'S EEGEITERATIVE GAS FURNACE. l*)l 

the odvBDtagea of tlie aystem were. Gist, an imniense saving of 
hel A ton of steel by tho fumaco was melted with an average 
ireiglit of a ton of coiU, instead of two and a half to three toua 
of coke, which tepreaented six to seven tons of best coaL With 
_sach names before tbem as Meyer, Borsi^ and Krnpp, as em- 
dofers of Siemen'a furnacos tor steel melting, it did little 'Credit 
p our English enterprise to say that there was hardly one fur- 
e in England in constant wotk for steel melting. Besides the 
ing of fuel there were other advantages in the working of the 
nace, such as cleanliness, no solid fuel being brought into the 
hop where the furnaces were, the fuel being converted into gas 
it any convenient distance irom the fumacca ; compactness of 
urangement, edving of labour, and, above all, improvement in 
the processee themselves. In eveiy trade in which the furnace 
might be employed, the same advantages were apparent ; and 
kough the furnaces were costly, and required a large outlay at 

t, especially in old works, they soon paid for themselves;" 
y Xbe following is a description, taken from the " Scientihc 
irican," of this furnace, followed by an illustration taken tiom 
B paper read by Mr. Cox above alluded to, and which appeared 
kthe "Engineer," under date Oct 6, 1866: — -"The first object 
■ the invention is to produce on intense heat. When soUd fuel 
fthumed in an ordinary furnace, at least 1000° of heat are ab- 
pbed and made latent by the change from the solid to the 
geous form. In Siemeii's fiuuace this change is effected before 
e fuel ia introduced into the heating chamber. This is done 
by setting a mosa of coal on fire in a close chamber, and subject- 
ing it to slow combustion with an imperfect supply of air. In 
this operation a large portion of the coal undergoes destructive 
distillation, and ia converted into hydro-carbon gases and vapours 
of a highly corobostible nature, while that portion of the coal 
which ia burned is formed into carbonic oxida only, in itself a 
combustible gas. The gases thus generated are led into the 
heating eliamber, where they are mingled with juat the proper 
Bopply of atmospheric air to effect their complete combustion. 
The absorption of heat by the change of state, having taken place 
ill the gas-generating chamber, the heat resulting from the com- 
bustiim of gases in the heating chamber ia at least 1000° grcatt;r 
tJiaii that wbiob results from the burning of 5o\l4 coti. 
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^K " Bat a considerable portios of the heat reeulting from the 

^H ohemioal anion of the giises with the oxygen of the e' ' 

^B aorbetl in raising the temperature of these substances. Mr. Sie- 

^f men, therefore, to still further augment the intensity of his hea^ 

V raises the temperature of both the atmospheric air and the gases 
H before they are introduced into the heating chamber. This is 
H elFected by passing each through a honeycomb mass of brick- 
H work previously raised to the temperature of white heal. There 
H are two pairs of these masses of brick-work, and they are heated 

V alternately by the pass^^e through them of the produots of com- 
bastion, on the exit of these products from the heating chamber. 

" Aa the supply of air and combustible gaaes may be readily 
controlled hy valvoa in the conducting pipes, the quality of the 
flame may be varied at will By adjusting the flow ni gas slightly 

tin escess of the air required to ettect its combustion, the presence 
of free oxygen to attack the iron would be avoided, and bars 
might be raised to a welding heat without being burned in tl 
least. 

" From the clearness and controllability of the flame, the ii 
tensity of heat, the absence of smoke, and other advantages, this 
furnace is doubtless destined to play a very important part i 
the mechanic arts." 

The following is Mr. Cox's description of the form of fiirnace 
illustrated in Fig. 13, and which is a "section of a gas producer 

I intended for the use of oil fuels except binding or caking coal. 
It is a chamber ttiree sides of which are formed with brick-work, 
the fourth is partly a cast-iron plate A, covered with bricks to pro- 
tect it from the action of the fire, and partly an open ftre-grate C. 
This chamber is covered with a brick-work arch, through which 
certain openings are left, over some of which are placed cast-iron 
hoppers B, through which the fuel is supplied, and the n 
of the openings are only made and used for inspecting the fnel 
during the process of gas-making, and are opened and closed at' 
pleasnire by means of the stopper N. The gas is made by ignit- 
ing, in the first place, the fuel on the grate C. 

" That part of the fuel which is on the grate itself burns by th« 

entering air into carbonic acid, and the heat evolved ignites the 

i above it. The carbonic acid thus formed passes slowly' 

's through the incaudeacent maaa ot feie\ O, mA NKKjOTtis* 





Mnvarted into carbonic oxitle, which paaaan through the remain- 
, ing portion of the fuel and nimgles with the volatile constituents 
of the coal — hydro-cailjon gases, water, ammonia, and some car- 
Wiic acid, which are distilled from the ooal immediately upon 
il* entrance into the prodncor tlirongh the hopper B, and which 
I W, of course, the same as would be evolved from it in an ordinary 
jBs retort. 

"All the combustible portions of the fuel having been thus 
*>iiverted into a crude gas, only the incombustible portions of 
ituefnel remain, which are removed through the grate from time 
Wio the form ofelinkerB or dust. 
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" Wftter is also supplied below the grate, and being vaporised 
by the heat, is carried (by the current of air pafiaing through the 
grate) into the white-hot fuel, and in its paaaage through the ii 
candescent mass is deuomposed and rearranged ae hydrogen and < 
carlnnio acid. 

"The gaseous fuel thus formed is carried from the produc 
through the opening D, into an upright etack or chimney E, 
thence into a coohng tube, and then down through a second 
slack, 8 short distance &om the producers, into an underground 
Hue leading to the furnace. 

"Fig. 14 represents a section of the fumi of producer t 




■where binding or caking coal is used, and several ot this form a 
in use & Sir Sv Armstrong and Co 's norks at Els^vick, at Messrs, 
Thomaa Richardson and &on s, at Hartleporf, and on the Con- 
tinent. Coal IS thus u&ed for furnace work which has bena 
hitherto thrown aside as useless and allowed to bum to was 
't most ijas only been used fpi makmg a. '^eiy iii&TViOT ^smiA ui aoke, 
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"Thia producer works in the same way as that lust described, 
Qcept that the air ontera thiongh the opening P, and the steam 
tliroagh the openiDg B, which latter opening ia also used for ex- 
tncting the clinkera, dust, and other incombustible material in 
tliia waste eoal, or, aa it ia termed in the neighbourhood, ' duffi' 

"The gas made in these producera has been irequently very 
MToMy analysed at the St. Gobain Plate-glass Works in France, 
Mii the average constituents of 100 parts have been found as 
fullows : — 

Carbonic acid, ..... 1-1 



Carbonic oxide, 
Carboretted hydrogen, 
^dwgan. 



IL 44, Hietorg of Sntoke-Conauming Ctmirivancga. — Under the 
mle of "Smokeless Furnaces " the ' Mechanics' Magazine,' under 
3a.te May 12th, 1866,has much interesting information, of which, 
nuder the title which heads thia paragraph, we purpose giving an 
i abstract. After referring to the nature of consmnption of fuel in 
I Tursaces, and to the way in which smoke is produced, the writer 
f proceeds to describe the furnaces which have been introduced 
from time to time, which have "had for their object the consump- 
tion of smoke.' The invention of the first smoke-consuming fur- 
nace has generally been attributed to James Watt, and as far aa 
relates to steam furnaces this may be so. But there is evidence 
thftt in the seventeenth century emoke-preventing apparatus was 
used in several French manufactoriei'. The Transactions of the 
Academy of Sciences for 1699 embody some experiments made 
by a M. de la Hire in the same direction with apparatus invented 
by a French engineer of the name of Delasme, many years pre- 
viously. M. Delflsme ia said to have exhibited a furnace for 
constiining its own smoke in 1665 at the fair of St. Germain. 
But this was only a revival of Papin'a scheme for making the 
^^mnJro descend OiTough &b Sre by a draught cieBite&. 'Vi^ lasam 
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of his centrifugal bliiwer. The scheme is feasible, and would b 
found effectual if jmliciouBly carriud out in practice. But t' 
coking of the coal, »nd the absence of an effectual exhauster, haiQ 
hitheito been a bar to its succeae. Tranklin introduced the sys( 
into house stoves, but Beveral impedimenta have prevented it o 
ing into nae. Watt's patent ia dated the 17th June, 1785, andi 
the last he took out ; it is for ' certain newly improved method 
of constructing furnaces or fireplaces for heating, boiling, or e 
porating of water and other hquids which are applicable to e 
engines, &o., whereby greater effects are produced from the i 
and the smoke is in a great measure prevented or consun] 
The metlioda proposed for carrying out his ideas were varii 
and consiBted in passing the smoke and gases from one fire c 
the bright coals in another, or in causing the products of combu» 
tion &om the fresh fuel to pass through heated pipes, or 
highly-heated fuel which had ceased to smoke, and by n 
with fresh air under those circujnstances. This plan wa 
eally worked out by Watt, by placing the coal in a vertical conit 
cal hopper, fixed In the brickwork of the boiler behind the fus 
nace dciorj a stream of air being passed through the fumaoe door 
for maintaining combustion. The fire rested ou a brick arch, anij 
the air that reached it had to pass through unconsumed coaL Buy 
this plan was relinquished on account of the concretion of the ooal 
preventing the due admission of air. In its stead Watt adopted 
the plan of a dead plate between the furnace door and the fice 
bars, upon which the coal is first coked and then pushed back 
upon the bare to undergo consumption, Messrs, Boulton an4 
Watt still adopt this plan, which, with careful firing, is very ei 
factual in preventing smoka An example of this system may bft 
seen at H. M. Victualling Yard, Deptford, under a thirty horsg 
boiler erected by Boulton and Watt. The dead plate and ban 
are at the same angle, and their incUnation facditates the tran»r 
mission of coaL Sufficient air ia found within the furnace to a 
eomplish the combustion of the gases, which pass from the greea 
coal over the fire, where they are conaumed, 

" But even as a patentee, Watt was not first in the matten! 
John Aysel patented an improved furnace in 1773, and in 178fi 
S. Cameron patented a furnace for consuming smoka One c 
He Srat plaaw brought into use I'or amnVe-wsoamma^ -a 
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W piaaple of admitting s stretini of air behind tlie bridge, was that 
I putented by Mr. W. Thompson of Bow-lane, in 1796. This fur- 
' nice lias been subsequently patented over and over again with 
slight variationa, but none have been very successful The diffi- 
mltj of apportioning the quantity of air admitted to the vaiying 
"snts of the fire haa greatly hindered their success. If the vslve 
' 1* related to supply the quantity necessary when the furnace 
IB just been fed, it will supply too much when the smoke has 
d away. But if the supply of coal ia regulated by aelf-act- 
!g mechanism, tbe production of smoke becomes more uniform, 
' " e air valve may he adjuatod with some chance of success. 
fc even in other eases the supply might be approximately ad- 
Uted by Mr. Murray's an'sngementa, by which the air is supplied 
migh a tube furnished with a throttle-valve. The valve is 
ened bj an attachment to the furnace door, and closed by 
f a vane-wheel in the mouth of the tube, and which is 
Bved hy the current of air passing through the tube into the 
This end was proposed to be attained in Pritchard's 
macG hy means of a piston descending by gravity in a cylinder 
>, the piston forcing out the air through a small orilice. One 
I the best forms of this species of mechanism was patented by 
'p. Prideaux, and has proved successful in practice. The fur- 
nace door huj* a number of Venetian lattice bars, through which 
Ihe air enters. These bars open when the furnace door is opened, 
tnd are closed by the gradual subsidence of a piston within a 
nuill cyhuder at the hinge side of the door. Inside the door, 
a series of plates divide and heat the air as it enters, and further, 
keep the door cool. In 1819, Mr. John Steel, of Dartmouth, 
described, before the Smoke Committee of the House of Com- 
moDS, an important project — a revolving fire-grate. The grata is 
circular, and is fed from a hopper above it. The coal is retained 
3 the grate by a surrounding ledge of brick, nearly beneath 
'i B projecting plate of iron runs in a g^jovo of sand, to pre- 
(t tbe escape of air iuto the furnace. Motion ia given to the 
a by means of bevel wheels, contained in a cast-iron box, and 
UiDg into a large wheel beneath tbe bars. Coal is supplied at 
K nde of the grate, and the products of combustion escape at 
b other; the gnses being consumed in theis ^aaaa^ otei; the 
I* fuel on tbe other parte of the grate. Tl^m \swi 
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of this grate cnji hardly be said ta be due to Mr. Steel, as it ap- 
pears to have been patented in 1816 by Mr. W, Erunton, of Bit- 
tningham, who used feed toUera for crushing the coal on its way 
to the fire. The revolving grate, in an improved form, wai 
plied by Boultou and Watt to the steam furnaces of the Bank of 
England. 

"An ingenious method of consuming smoke consiste in light- 
ing the coal on the lop, as proposed by Cutler some years aga 
But the difficulty here is to introduce fresh coal beneath the 
burning mass, although the plan has been revived with modified 
arrangements. In July, 1815, William Loah, of Hewcaatle, pa- 
tented a combination of double furnaces, fired alternately, the 
smoke of one furnace passing into the ashpit of the other, by a 
arrangement of dampersj and ascending, mixed with air, through 
the fire. This is one of the most efiectual methods of consuming 
smoke; but shifting the dampers ia a troublesome matter, as to 
withstand the heat they must be strong and heavy. An appara- 
tus applied to many boilers in Lancashire is known as Stanley's 
tire feeder, by which the coal is distributed over the furnace, almost 
piece by piece, from a revolving iim, which is supphed from a hop- 
per fitted with crushing rollers. The gearing is so arranged tha^ 
as the speed of the engine quickens, the effective speed of the ap- 
paratus becomes less, and the quantity of coal supplied just equsJs 
the demands of the engine for steam. Jeffrey's plan for prevent- 
ing smoke consists in causing a down draught through a sha~ 
which a shower of water was kept constantly falling. The smoke 
ia thus condensed and carried off. This plan requires two ( 
more chimneys, closed at the top, and connected by a cross-flue. 
There are, however, many methods of destroying smoke more 
economical than this. Its chief value will be found in its appli- 
cation to copper smelting furnaces, vitriol, and such works, for 
condensing the insalubrious vapours ; and here its use should ha 
made compulsory. The method of obviating smoke by admit- 
ting steam into the furnace has been frequently tried. 
Evans took out a patent for it in 1834, and Mr. Nasmyth intro- 
duced it into the Edinburgh Gas Works many years ago, and Mr. 
Iveson, of Edinburgh, has since revived the plan. In locomotive^ 
the steam jet has been successfully applied by Mr. Clark. John 
Chanter has been about the most mieti.^ii%rfc\B "flcrfs-w "m. "dM^ 
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of smoke burning; his name appears apon a perfect niulti- 
of patents for every variety of famace, Hia principle in 
WISH was to gradually dry and prepare the coal in the furnace, 
nibat the liberated gosea were burnt in the hottest part. Me 
wd two grates, air being supplied to the first by means of a tube 
eneath it. In the centre of the furnace ; but, from the frequent 
uiation of hia plans, it is difficult to assign to him any distinct 
)t particular principle. Mr. Cheetham drew the inftammafale 
irtiona of the smoke from the upper part of the flue by means 
' s fiin, returning them to the furnace through the ashpi^ raixetl 
■ 'i air. The result of this mixture of gas and air was an occa- 
al explosion in the ashpit, which quietly lifted the boiler &om 
I getting. About £ve-and-twenty years ago, Mr, Bourne ap- 
1 some contriTances for obviating smoke in vessels of the 
insular Steam Company. His arrangement adopted in the 
JTPilliam Faweett " was a double retort furnace. The furnaces 
1 pairs, the intervening water-space being pierced, so that 
e smoke from one passed through a pipe Stted at the furnace 
outh into the ashpit of the other, where it was mixed with air, 
d ascended into the next furnace to be consumed. One fur- 
le thus operated as a retort, while the other was acting as a 
noce. In the ' Tagos,' two Venetian bridges were formed of 
3, with a vacant space between them. The tiles were heated 
If the passing flame, and a thin fire being kept on the bars, euf- 
Ident oxygen passed through the burning fuel for the combustion 
in their passage between the tUes. By this method 
'aa entirely prevented. The arrangement in the ' Li- 
Dol' was somewhat different, and consisted in two seta of 
3 bars — those next the door being made of cast-iron, and 
those beyond of fire-clay, The coal was coked on the first, and 
pushed on to the second set. A powerful draught was provided 
tor by two exhausting ians at the base of the chimney, which 
drew the air from the flues through cheats surrounded by feed 
water, and discharged it into the paddle boxes. These arrange- 
ments were found to work so well that twenty years later 
JSj. Bourne adopted them for maintaining the draught in some 
vessels for India. Very much has been said about the aigand 
fomace of Mr, Charles Wye Williams, in which air is admitted 
I li^ namerous amaU onhoes. The practical eHidaucij ^ "Cm^ 
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nace was teated at Boulton and Wntts' works. An ordii 
boiler was fired for four months with a certain kind of cool, tl 
effect and consumption being noted. WiUiamB' principle 
then applied under conditions as nearly identical as they conlj 
be, and the consumption of coal proved to he nearly a pound 
horse power per hour more than before the principle was appHi 
At the Deptford Pumping Station an apparatus is in use w' 
v/aa patented by Mr. B. A. Bumble. It coneiab) of hoppers 
moveable fronts having inclined plaae<3 of peculiar conetructii 
attached to them, on which the fiiel folia and is pushed gradui ' 
forward. No smoke is seen, and clinkers are to a groat 
prevented. The apparatus is self-acting, and applicable to ma- 
rine OS well as to stationary boilers." 

45. Smolce Burning in MamifacUiring Furnaces. — Under the 

I above title, the ' Engineer,' of date Sept. 22d, 1865, has the fol- 
lowing amongst other remarks : " No patent covera the use of a 
regular and equal firing, by which the sudden development of 
too great quantities of cold gasea is prevented. The use of Welsh 
coal, ao generally employed in London for avoiding smoke, is 
only an indolent substitute for the proper firing of a soundly- 
constructed fiimace. The principle of double-firing, by which 
tha necesaary irregularities of any furnace can be made to correct 
those of the other, could also he very generally adopted. The 
supplementary introduction of atmospheric air into the prodncte 
of combustion is yet another means of command over the neces- 

tsary irregularities in the combustion of any furnace. The de- 
signer can often vary the application of the principle by either 
admitting air in an intermittent way through the fire-door, or by 
letting it into the already-formed volume of burning gases. 
" It is notorious that, notwithstanding the complaints yet 
casionatly heard, the amount of smoke in the atmosphere of Li 
don has been considerably reduced within the last ten years 
means of the Metropolitan Smoke Nuisance Abatement Act, 
necessary penalties have not merely bad an effect on the ej 
furnaces of the vessels plying on the river ' above bridge,' ' 

Lon the large furnaces used in the different metropohtan mam 
toriea, such as the Lambeth Potteries. Much, no doubt, y 
mains to be done, but London, compared with what it wa 
--— 
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■ way of consuming the smoke of large fumacea. In other 
laTge cities, in which only the proviaions of the Local Govern- 
ment Act can be enforced against smoke, the improvement is not 
ea manifest — from the simple fact that the necessity ia not so 
pressing. The etringency with which the clause of this Act 
f^ainst smoke is enforced naturally varies with local circum- 
stances. It has indeed happened that a lociil magistrate sitting 
on the bench has had a summons for not burning smoke brought 
before him against himself ; but we do not think that it is in 
human nature that aueh a case could be often repeated. A very 
Bacceasful plan of furnace for potteries was first introdnceii into 
the works of Mesara. Henry Donlton nnd Watts, of Lambeth, 
about six or seven years ago. Its general adoption has almost 
cleared Lambeth of the thick volumes of smoke that used to 
enshroud the numerous potteries in that part of London. The 
fifteen lai^ furnaces of the Massra Uoulton are each furnished 
with ten grates, upon which is burnt a veiy bituminous north- 
country coal. The furnaces are fired from above, and just beyond 
the opening where the fiiel is introduced, on the arch of each 
grate, ia a vertical division of perforated bricks. The amount of 
the air passing through these holes can be increased or diminished 
at will In its paasaga through the holes it gets heated, and 
tniDgles behind the bridge with the gases of the coal, entering 
into a eombnstion which ia complete in the interior of the fur- 
iBHa N'o visible smoke is formed, but it appears if the passages 
igh the perforated bricks are temporarily closed. 
" a spite, again, of the enormous volumes of smoke which are 
f continually belched forth from the numerous puddling fur- 
I throughout the kingdom, we think they could often be 
ructed to bum their own smoke, even without the aid of 
I. W. Siemens, (See par. 43). 

a flie works, for instance, of Messrs. Johnson Brothers, of 

, are wliat are probably unique specimens of very auc- 

I fflnoke-consnraing puddling furnaces. The plan adopted 

Y nmpla The furnaces are arranged in couples, each pair 

g a vertical boiler, but each furnace being in other respects 

,t of the other, in order not to interfere with the pud- 

Their gases only combine tmder the boiler, when tbej 

4 to a central chimney serving for the whole ahsd. 
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In other respects the furnaces do not differ from the commi 
puddling furnace, except in being rather shorter than ordinaiilj 
The only distinguishing feature is an opening of about the 
of a brick, mado in the outlet pipe, at about 18 in. from the & 
I'f the furnace. The fireman varies the area of this opening bj 
means of a moveable brick, so that additional aii is introdui 
which keeps up an intense combustion in the passage, even 
fore the gases of the two furnaces get mixed under the boilf 
This simple arrangement merely embodying the principlt 
double firing, and of the admission of cold air into the gaseoi 
current of the products of combustion, prevented the formatii 
of smoke with the use of the ordinary Lancashire fuel" 

46. Smohe-buming Loeomotivei. — 'Under the above title, the 
Mechanics' Magazine, April 28th, 1895, has some very valuable 
and interesting remarks on a subject which is now attracting con- 
siderable attention, from which we take the following extracts : 
" Among the first attempts to render coal-burning locomotives 
also smoke-bxtrning, waa that of Mr. Gray, who at a very early 
period introduced in the 'Lever' engine double furnaces, 
above another, for burning smoke. The upper funiaee had tubu- 
lar fire-bars, and the smoke from the lower furnace ascended 
through the upper, by which it was consumed In Dewrance'. 
locomotive boiler the fire-box is divided in the direction of it 
height by an oblique partition perforated with short tubes. Hg 
thus forms a combustion chamber for mixing the gases evolvei 
by the fuel on the grate, with the atmospheric aii mingled vrit 
them, and combination thus takes place before the smoke entei 
the tubes of the boiler. Andrews divides the lower from the ui 
per part of the fire-box by a partition perforated by short pipes 
The upper portion thus constitutes a combustion diambet 
which air is admitted by suitable orifices for the combustion 
the inflaromable parts of the smoke. In the arrangement 
by Healy, the boiler is a square hollow vessel, having the gra 
in the interior, to which the fuel is supplied through a hole at tl 
top. On its way to the chimney the smoke is made to pa 
beneath a fireclay block, which dips into the fire, and thus 0014 
pels the smoke to pass through the incandescent embera 
stream of air is let in at this point by suitable orifices, meeKi 
whieh the smoke is consumed. M. Dwaecy, of Paris, has 
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moke-bumisg loconLOtive in which the coal ia raised up into the 
fire-box by means of vanes whioh revolve in a case at each ead 
of tha grate. Gryll'a idea is to remove the tube-plate some dis- 
tance hack from the fire, thus withdrawing it from the intense 
heat of the famac* and at the same time leaving a combustion 
cbamber between the ends of the tubes and the fire-box. M'Con- 
neU uses tubular stays having valves, by means of which he ad- 
mits air to the furnace to bum the unconsumed gases in locomo- 
tives. He also heats the feed-water by conducting it through a 
coil of pipe which surrounds the blast pipe in the smoke-box. 
Ibis arrangement was tried on the Korth Western Eailway, and 
it appeara &ora an experiment made by Messrs. Woods and Mar- 
sbaU, that 1 lb. of coke evaporated 8'65 lbs of water; and a 
pound of coal, with M'ConneU'a amoke-buming engine, 6'83 lbs. 
Xbej found the evaporative power of coke to be 20 per cent 
greater than that of coal in the stationary engine at the station. 
We shall refer again to the performances of engines with M'Con- 
nell's adaptations, aa against other systems. In Seattle's locomo- 
tive both a coal and a coke fire were at first employed, the coke 
fire consuming the smoke from the coal But this plan was 
subsequently modified, a coal fire only being used, the smoke from 
which is caused to come in contact with a curved fire-tile bridge, 
This bridge defl.acts the smoke downwards on the fire, and forma 
in effect a combustion chamber, there are likewise fire-tile pipes 
or perforationa, which being highly heated consume the smoke 
as it passes through them, Mr. Beattie also heats the feed wa- 
ter by injecting it into a vessel filled with waate steam. Long- 
ridge and Eichardson's plan is to introduce the coal first upon a 
aeriea of small bars near the mouth of the furnace, and when 
coked sufficiently there, to force it bock upon the fire. On the 
Northern Itailway of France a grate resembling a fiight of stairs 
has been used, eaoh bar, which is wide and shallow, forming the 
tioftd of the step. The air finds its way in through the spaces 
between the treads. The steps descend from the fire-door ; the 

coal being fed on the top, is pushed or gradually falls down the 

Kvity as it bums. These plans sufficiently illustrate the gen- 
methods by which it haa been sought to alleviate the evils 
ng firom the use of coal in locomotives. . . . The con- 
iy varyiug conditions presented by the EujniGB ot & Vdcotasi- 
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tive when worlcing create difficulties and impede the puifQCt ao3 
tion of most of the ordinary plana in use. With a view to ov^ 
come the various ohjections and diificultie^ that were constantlyr 
BiiBing, D. K. Clark patented an arrangement whereby the vol-' 
ume, rai^e, and power of the air currente are extended, and they 
are better adjusted to the requirements of the furnace. In thil 
system small jets of steam are employed in aiding the thorough 
admixture of the air within the box. The arrangement eonr 
siata in forming openings in the sides of fumaeea in free com'' 
munication with the atmosphere for the admission of air. Jet( 
of steam are projected through these openings in order to draw 
the air into the furnace, and to diffuse and mix the aii 'witll 
the combustible gases as they are generated, and so to bum then 
and economise fuel. When the eteam-inducted air-cotunme an 
directed upon the fuel it raises it to a state of intense ignition, 
Thus smoke is prevented and a considerable portion of the solid 
fuel is consumed by the inducted air. There is no eonatruction 
within the fire-box, and consequently no destmction from expo^ 
sure to intense heat, neither does it in any way interfere with the 
fire-box or the managemeut of the fire, and is governed simply 
by a steam-cock near the driver. The steara. nozzles here bear a 
similar relation to the air to which they are directed as do tbs 
blast pipes to the chimneys; indeed, they may be described as so 
many blast-pipes and chimneys on a very small scale turned intg 
the fire-box, possessing in a relative degree the power of urging 
the draught. The various currents of air by direction of tbs 
steam are delivered with such correctness and force as to range 
over the entire surface of the burning mass in the furnace. The 
air is thus forcibly mixed and distributed amongst the gases, and 
the result is a perfect prevention of smoke. It is found in prac- 
tice that the jets are not required to be kept constantly in us^ 
their occasional action being quite sufficient to ensure all the 
benefits derivable from the application of the system when the 
engine is at work. They are chiefly called into requisition whan 
the fire has just been coaled, or when steam is shut off at sta- 
tions, in which cases, and especially the latter, were it not for 
these steam-inducted air currents, smoke must inevitably be 
formed and escape from the cliimney. As the heat in the fire- 
box becomeB modified in inte'CBii'^, Ulq ^Qla •am.^ be turned pttH 
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'a5, and when the engine is ou hei way again their action 

y be altogether dispensed with. If the areas of the air-liolc^ 

B properly proportioned, they require no regulatora, thnt is, if 

y are not made too laige so as to admit an excess of air." 

'"■ Smoke PreoetiUon at Sea. — From an article on this eub- 

a the ' Engineer,' August 1 1th, 1865, we take the folluwing 

sat :^—" Btraightforward, unmitigated, non- consumption of 

e must be sought for at sea. It is not nearly so easy to find 

it on land. To all appearance this thing ought not to be. The 

marine engineer has as raaoh — if not more — space at his disposal 

l! u the designer of locomotives ; and we are led perforce to be- 

lieve, either that marine engineers and steam shipping owners 

!| are very ignorant of what is good for them, or that some special 

I difficulties attend upon the burning of coal at sea which are not 
present in the same degree on shore. ITie first idea involves 
©ome truth, perhaps, bat mixed np with too great an amount of 
absurdity to render it worthy of mnch credence. Our great firms 
are iao well aware of the advantages to be derived from securing 
perfect combustion to wholly ignore the whole subject, and act 
without Tery sufficient reasons as though coal never smoked. To 

II what then are we to attribute the &ct that smoke-preventing 
contrivances find less favour at ses than they do on shore! We 

I fancy that the principal cause must be found in the fact that 

i marine boilers are usually overworked, and that as a result the 
eyatero of firing adopted renders it absolutely out of the question 
to hope for much benefit fi'om any device the success of which 
depends on the fires being left to themselves for moderate periods. 
It will, no doubt, be ui^d by the advocates of smoke prevention 
that a direct economy of fuel follows on complete combustion, 
, mid that the evaporative efficienoy of boilers is directly increased 
I in tie same, or nearly the same, proportion. The first statement 
I contains a great deal of truth — truth, be it observed, which works 
I out in practice. The second statement is also true, but only 
I under exceptional circumstances. We have been at the trouble 
r tK now to investigate cases whore smoke-burning apparatus had 
f been applied to marine boilers which previously smoked heavily ; 
y in nearly every instance the result was that the admission of air 
[ above the fuel reduced the rate of consumption per foot of grate 
\ per hour, and the e&ciency of the boiler was theteVi^ imvmAiK&.. 
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Part of the loss was made up by the combustion of the g 
but not the whole loss. The saving of fuel was commonly y 
marked ; hut, unfortunately, where the boiler waa already d 
cient in power, the loss could not be tolerated, and the appe 
tua had usually to be removed. It is certain, however, that i 
etauoea may and do occur in which the result of bringing about 
mora perfect combustion is a direct increase, not only in economy, 
but in relative efBcieucy, and &om such facts very magnificent 
deductions have been drawn ere now. In the majority of cases 
of the bind, however, which have come under our knowledge, we 
have fotmd that a remarkable analogy exists between such high 
results and those given under peculiar circumstances by super- 
heating. When a boiler is so radically bad that much water 
passes over to the cylinder with the steam, great advantage fol- 
lows on the use of the superheater. The same apparatus applied 
to a good boiler may possibly give an economical result hardly 
worth the trouble and expense by which it is secured. In like 
manner, Aimaces may be met with in which the combustion is 
so imperfect, and all the arrangements are so bad, that sot only, 
ia fuel wasted, but the power of the boUer directly dimiuishad; 
In Buch cases, of course, it ia very easy to make alterations whicB 
shall at once effect a saving in fuel and increase the prodaction 
of steam ; but such extreme eases are rare at sea, and exception- 
ally rare on land. 

"The principal reason, then, why marine furnaces are not smoke- 
less OT nearly so, must, wo think, be found in the fact that suffi- 
cient ail to secure perfect combustion of the gases cannot ba 
admitted above the burning fuel without reducing the steam- 
producing power of the boilers to an extent greater than ia ad- 
missibie. Whether such a result follows as a matter of necoaaity, 
or of negligence or ignorance on the part of the engineer, remaina 
open to question, and conditions vary so much that it is imposd- 
ble to give anything like a satiefactory general answer. Under: 
certain circumstances the engineer finds that, design his boileTa 
how he will, they are forced beyond their natural capacity to a 
extent which renders anything like perfect combustion a pbysioa 
impossibility. Ajgand doors are of little use to a furnace heap« 
with fuel within a few inches of the crown plate ; possibly righd 
up to it at the door. Again, ttiG B'gwie a-voiiaiJiB Iot yoa \«as 
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"P nay be ao Binall that heavy firing is indispensable. The greatest 

"I diiEcalty of all in the matter is, towever, the absence of suflScient 

I draught. Locomotives emoke at stations with the blower on, 

I because the quantity of air entering the furnace ia insufficient to 

I complete the oxidation of the gases. When rnnning at full 

speed with a heavy train, the fornace ia, in well-designed boilers, 

all but smokeless j but in the marine boiler the draught ia seldom 

greater than in the locomotive when standing. The heat within 

the furnace is less, anil the gases, rapidly cooled down by the 

boiler plates, refuse to bum. The temperature, again, of the 

furnace is kept down by the introduction of too much air in the 

wrong place. As far aa regards combnation, very good results 

would follow in moat marina boilers on a conaiderable reduction 

of grate area, the space thus lost for the admission of air being 

'.e up for by perforated doors, and, possibly, bridges. In order, 

ever, to maintain the actual efficiency of the boilers undei 

1 conditions, it would be necessary in most cases to increase 

B intensity of the draught, either by the use of a fan, a longer 

ick, or a jet. A long stact is an evil at sea The jet runs 

bray -with a good deal of steam, and ia not quite as elfectual aa 

I desirable within chimneys of large diameter, and, therefore, 

■ is probable that the best results would lie derived from the 

1 — an expedient already used with very great success both in 

B country and in America. The principal difficulty to be con- 

(nded with here, lies in the fact that the crowns of marine fiir- 

uauaUy so low that tliey are liable to saifer considerably 

9 ft very elevated temperature, should the circulation not be 

J perfect With a more intense draught, however, the ash 

))its might be made shallower by lowering the grate bars, and the 
furnace crown protected by turning a thin arch of fire tile over 
the grate for its entire length. The expedient would be a little 
expensive, aa the areh would wear out rapidly, bat it would 
protect the gases from the cooling influence of the plates until 
gofficient time was allowed for their combustion, and it is not im- 
possible that it would pay for itself by the saving effected in the 
repairs of the boiler. 

" Although we are not disposed to believe that smokeless fur- 
naces will ever hecome the rule at sea, still wb teel noTVJifi^ied 
^^w( // onl^ reguires a little energy on the part oi omi cn^wtaYi 
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und shipping companies to render combustion at sea far better 
than it ta. As at present constructed too much is thought of 
heating surface, too little of furnace room and circulatioa 
•Smaller grates, sharper draughts, laiger furnaces, and longer runs 
Irom the furnace proper to the tube plate are required ; and be- 
ing present, the smoke nuisance — for it h 
— will be mitigated. It is not necessary that a smoke-bumiag 
device shall be employed which admits so much air that the power 
of the boiler is diminiahed. Such a scheme will never find favonr 
at sea, even though it effected a considerable saving in fuel Tha 
thing really in demand is a furnace which shall not only pro 
economical of fuel, but — which, in the eyes of the shipowner is d 
even mora importance — will add to the efficiency of the boile 
Were it possible to produce a device by which good boilers, noH 
working up to 200-horse power let us say, could be made to 
work up to 220-horse power, while each pound of coal would' 
evaporate 8 lb. of water instead of 7 lb., the fortune of the ii 
ventor would be made. It is almost needless to remind oi 
readers that so desirable a result cannot possibly be brought about' 
by doors or bridges, however skilfully wrought, so long as thtf 
arrangements of the boUer itself are imperfect. Marine boOei 
engineei'ing ia not very far behind the age, but it is desirablo 
that some one should step forward, break down the barriers oi 
prejudice and routine which now invest the subject, and introduca 
such important, albeit moderate, changes on existing practice, a> 
would condTice to the efSciency of our steamships and the profit 
of their 




^9a, CiirnijiJi Puminng Engines. — In p. 119, par. 26, til 
.■olume of "Engineering Facts and Figares for 1864 
' s on the high position whjch the Coi 
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imping engine has for bng maintainud in mechanical ongiiieer- 

g and also aa to the opinioD now gaining gronnd amongst many 

rtboiities that it, iii some points at least, scarcely deserves tlilH 

~t is probable, however, that this deterioration, as 

rpntnted out in a recent article in the "Mining Journal," arises 

I from want of care and proper attention. "In the year ISll," 

I ap this article, " Mr. Joel Lean began to report the performances 

Inf the Cornish engines, and during that year, it is said, issued 

lUsfinit engine report. In the year 1837 an eminent engineer, 

ujapt. Samuel Grose, commenced to improve the duty of steam 

jines at Great Wheel Towan. It is believed that practical ex- 

BiiencB has done more than scientilic researches in procuring the 

' h economy of fuel, which has been the result, and that this 

IE been principally effected by the use of high pressure eteam 

(spansively employed, and using Mr. Trevithick's boilers, and 

clothing the steam pipes and cylinders with a non-conducting 

nnterial, together with great attention of the enginemen to the 

fires, so as to make the best of every bushel of coals consumed, 

OS some enginemen are now doing on the railways, 

"In 1843 the average duty for 94 lbs. of coal was 60,000,000 
Ihft, while in 1856 it had steadily decreased to 47,000,000 lbs., 
for the eame faoL It is to be deeply regretted that the duty of 
uor 8team engines is decreasing, and that many of the important 
lasBona taught by Capt. Grose appear to be furgotten ; whilst we 
are bronght fomib'ar with the rapid improvements of locomotive 
and marine engines, we have to deplore a retrograde movement 
of the stationary engines in our Cornish mines. With the pre- 
sent low price of minerals, and reduced dividends, we certainly 
onght to try to bring up the duty of our steam engines to where 
it was in 1843. The number of pumping engines reported for 
Jmuary is 37. They have consumed 2,846 tons of cool, and 
lifted 22'3 million tons of water ten frames high. The average 
duty of the whole is, therefore, 52,800,000 lbs. lifted one foot 
high by the consumption of 11 2 lbs. of coal" 

49. Rotative and Cornish P-umping Engines. — In par, 27, p. 
133 of last year's volume of this work, we gave an article on this 
subject. In the discussion which followed upon the reading of 
Mr. Fraser's paper on " Cornish Pumping engines" — Society of 
Sngmeets — and of which aa abstract will be Soiatvi alt -g 
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p. 119 of our last volume, Mr. Olrick had the following remartH- 
on this point : — " In comparing the aiaglo-aoting Cornish engine 
with the double-acting engine with crank and flywheel, it 
impossible to lay down a ru!e for when one should be used and 
when the other. The circumBtanaes in each individual cose 
to be considered, but still it must be remembered that a double- 
acting engine would do about three times the work of a single- 
acting engine — that was for the same size and weight — and aa i 
used steam on both sides of the piston, and worked ganemll; 
twice as fast as a single-acting engine, hence for the same powc^ 
was ranch more economical in the first cost. 

" It had been said by Mr. William Pole, and illustrated by 
Watt at an early period, that there was no theoretical advantage 
in whatever form of engine was used, whether double or ai 
cylinder, as regarded economical effect of expansion. That mighi 
be or not, but taking it for granted that that assertion -was cor- 
rect, it was quite a difierent thing in practice ; that was, when. 
the expansion exceeded three or four times, and he (Mr, Olrick); 
maintained that where an expansion of nine or ten times was ra> 
quired, it could only be done successfully and effectually in M 
double cylinder engina 

" By taking, for instance, a double cylinder engine with niiw 
times expansion, the otherwise tremendous blow of the hig] 
pressure steam on the largo piston was avoided by letting tb 
steam first into the small cyhnder. From thence it passed into 
a cylinder of three times the area of the small oEe, (iter having 
been cut off at one-third part of the stroke, thus reducing the 
high pressure steam three times before it entered the larger cylia- 
der, and consequently there was the same total steam pressure 
both pistons. The advantage of the vacuum acting upon a much 
larger piston than in a single cylinder engine, made amply ng 
for the back pressure against the small piston. 

The results got at by some engineers in the navy of the United 
States, that there was not only no gain by expansion, but ei 
positive loss, contrary to the experience of all engineers in thia. 
country, could simply be accounted for by their experiments be- 
ing carried on with steam of only a low pressure, by the steam 
not being in any way superheated, by the cylinders not baii^, 
Bteiaa-ia^ated, or otherwise protected. 
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" As to boilers, it was a well-known fact that without a good 
boiler the ntroost amount of saving could not be effected by the 
engine only. They knew that the reason why Corniab boilers 
were bo efficient in Wales waa because they were made two oi three 
timea larger than in other places, but that could not be done in 
a town like London, sor could the system be carried out on board 
ship. He then referred to Bome experimenta made by Mr. John 
Elder, of Glasgow, with the view of finding out the temperature 
of the diiferent parts of a Cornish boiler, which was 33 ft. long, 
and 5 fl. 6 in. in diameter, with two internal fiuea of 1 9 in. 
diameter. It was fonnd that the temperature over the fire was 
3200 deg., over the bridge 1730 deg., on entering the centre 
fines 1163 deg., on leaving them 800 deg. Thus the furnace 
of ad square ft. per borse power reduced the heat ISOO deg., the 
shell of boiler of 18 square ft. per horse power, 600 deg,, the flues 
of 20 square ft. per borae power only 350 deg, It would thus 
appear that, although there was a la^e amount of heating eur- 
face, the evaporative power was very inferior, as the amount of 
heat taken out of the gosea was very small ; the conclusion was, 
that the gases passed along in straight lines, and only the thin 
strata in contact were cooled down. Only 6^ lbs, of water was 
evaporated per pound of coaL This showed that our land boilers 
were still very defective, and he (Mr. Olriek) would therefore call 
• the attention of the meeting to a boiler constructed by Mr. Field, 
a member of the Society, which, for instance, for a boiler of 100 
horse power, only took one-twenty-fifth of the space of Cornish 
boilers for the same horse power, and would evaporate nearly 
11 lb. of water per lb, of coaL" 

At the same discussion Mr. W. T. Carrington gave an ac- 
count of the Pumping Engine at Brooklyn Water Works, and 
pointed tput the mistiJte made iu designing and erecting it. Of 
Ihis description we take the following : — 

" In the original design of the engine, it was tntendud to carry 
the steam in the boiler at a pressure of from 25 to 30 lb. per 
square inch above the atmosphere, and to cut it off very short, 
expanding about eight times ; the cylinder was, therefore, made 
litige enough to give the proper average pressure for that measure 
of expansion; but, npon the first trial, it was soon aaeertained 
that the eqgine could not be worked with a greatet Yio.\.\ni^^wa\a% 
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H^ on the piston than a few pounda per sqiiai« inch above the atmo- 
H ephere, and that instead of cutting off the steam at one-eighth the 
H stroke of the piston, or at 15 in. irom its commencement, it was n&- 
H ceseary to cut it off at six-tentha of the stroke, or at six feet from 
H the commencement Thus not only was all the imagined benefit 
H from large expansion lost, but there were realized al! the s 
W liisadvantnges of using a cyhnder two and three-quarter times too 
large for the work it had to perform. By using an initial steam 
pressure in the cylinder of 25 lb. per square inch above the atmo- 
sphere, and cuttiDg it off at six tenths of the stroke o 
work done by the 90 inch diameter cylinder, with a stroke of 10 

I feet, would have been performed by a cylinder of the same stroke 
of piston, but with only 5S in. diameter. The saving would not 
have been in the first cost alone, but equally in the after econo- 
my ; for as the friction and back pressure woujd have been greatly 
reduced in per centum of the total average pressure, and as the 
absolute friction and condensation of steam by the cylinder, de- 
veloping equal power, would have been less, the duty would have 
been matenally increased. 

" The great oven-»igkt committed was the failure to discern tha 
impossihility of using steam with much eKpansion in the case of 

I a pumping engine, pumping by the steam direct ; and unprovided, 
by a laige mass of matter on the steam side, to be put in motion. 
at the commencement of the stroke of piston, and brought to rest 
at the end of it. If we suppose the matter (other than tha 
water) set in motion by the engine to have no weight, and the 
movement of the watery column to be uniform, then the steam 
pressure on the piston at every point of the stroke would have to 
_ remain constant, in order to exactly balance the water load, whose 
^ resistance was constant and unaffected by speed. In iact, on that 
H hypothesis, it would be impossible to either increase or decreosa 
H the steam pressure above that equihbrium, for the supply of more 
H steam would only accelerate the speed of piston, without inci^aa- 
H ing the pressure on it, and a decrease of the pressure on the 
H piston by closing the communication with the boiler, would \ 
^^ it quickly to rest. Under these conditions it would be imprao- 
^H ticable to use the st«am at all expansively. But just in propor>- 
^K tion as matter was added on the steam side eould the initial 
^H pressure be increased on the steam piston above an equilibiiami 
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illi the water load ; for as movement had to be given to that 

addition to the water load, and endow it with momen- 

im, the communication between the boiler and cylinder could 

closed, and the eteara allowed to expand as far below the prea- 

equUibriating the water load as the momentum of the matter 

Id supplement, until the point was reached where the com- 

~ steam pressure and momentum were in equihbrium with 

water load. In a pumping engine, therefore, the maximum 

of expansion was limited by the momentum of the matter 

motion ; the ^ater that momentum the more expansively 

mid die steam be used. In a word, steam conld be used ex- 

invely only by advantage being taken of the inertia of matter 

at the commencement of the stroke of the piston and of its mo- 

mentam at the end. 

" In the Cornish engines employed for pumping out mines the 

la^fer weight of matter required, in conjunction with the piston's, 

to give the necessary momentum for expansions of even three 

and four times, was obtained from the great length of pump-rod 

employed — extending from the surface of the ground to the 

iottora of the mine. If the depth of the mine did not famish 

weight for the desired expansion, it had to be obtained by 

it for that special purpose. But in the design of the 

tklya pumping engine that essential provision was ignored, 

expan^on of eight times was intended with conditions 

it absolutely prohibited the employment of any expansion 

itever. The consequence was, as might easily have been pre* 

that, when put in operation, it presented the anomaly of 

engine fitted with a momentarily variable expansion gear &om 

ich great economy was anticipated, using its steam necessarily 

Imost without expansion. That defect, after being practically 

developed, was attempted to be made good by the addition of 

about eighteen tons of cast-iron in the circumference of two semi- 

rai^lea of 14 J ft. extreme diameter, keyed upon a shaft receiving 

Tibratory movement from the piston rod between the steam 

Flinder and lower pump. Those semicircles were so poised that 

diameter would approach the horizontal at the half stroke, 

and the vertical at the end of the stroke, in order to give, beside 

their momentum, the greatest possible levert^e at the beginning 

and end of the stjvke — tie first for increasing ttie "mViiisi fiiCKtti 
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preasore in the cylinder, and the !ast for compensating the 
creased steam presBure by the eKpanaion," 

50. Single and Double CylindeT Enifims. — "A consideraUa 
difference of opinion," says a, writer in the "Mechanics' Msga- 
zine," " still exists among engineers as to the respective merite 
of single and double cylinder engines, and the evidence addaced 
on either side ia of a somewhat contradictory nature. Without 
attempting aj-bitmrjly to decide the vexed quastion, -we may 
venture a few remarks upon it, and then leave it for further dis- 
cussion among our practical engineering rsaders. Prima facie it 
does not appear that there can be very much difference between 
the expansion and condensation of steam in one or in two cylin- 
ders, snppoBing the latter to be on the combined high and low 
pressure system. It would seem that the gross amount of powei 
obtained from a given quantity of steam expanded in each form 
of engine is the same in both cases. Certainly the power ex- 
erted at the starting point is identical There is not more blow 
upon the crank pm on the engine first taking steam in the one 
ease than in the other, if we except a slight decrease of preasnrB 
which necesBarily ensaes in the double cylinder engine by tha 
expansion of steam in its passage from the high to the low pres- 
sure cylinder. And this is compensated for by a corresponding 
decrease of back pressure on the high pressure piston, the differ- 
ence being the decrease of pressure consequent upon the relative 
areas of the two pistons. In the single cylinder engine the full 
pressure of steam acts upon the piston prior to the cut-oi^ and 
decreases from that to its minimum at the end of the stroke. A 
considerably different effect ia produced in the case of the com- 
bined engine, for at the commencement of the stroke the forca 
of the steam in the high pressure cyhnder is balanced by the 
back pressure, vtinus the passage expansion before alluded to. 
As soon, however, as the piston moves, the presaore decreases in 
the low pressure cylinder instead of remaining the same through 
a given portion of the travel, and the back pressure on the high, 
pressure piston diminishes in the same ratio. The high pressure 
cylinder would do less work if the same force of steam were ap- 
plied to it on account of its smoUer capacity. Hence arises a 
gradual diminution in the sum of power obtained &om the two 
pistoDB hvm the beginning to the end. a£ tha Btoika. Tha 



Wii ENGDiEa.] CYLINDEK INOnrES. 178 

hich is sacrificed immediately on the etarting of the amedler 
piston is partially compensated for by a gain towards the end of 
the stroke, for there is obtained the maximum power of the high 
pressure cylinder added to the minimum of that of the low pres- 
sure cylinder." .... 

After entering into some calculations respectiiig the working 
of high and low pressure engines with steam of equal pressure, 
the writer concludes thus ; — " Hence it would appear that a single 
cylinder is calculated to do a larger amount of duty with the 
same consumption of fuel, hut that it does not distribute its 
power ao equably as two cylindera For pumping and many 
cognate purposes the latter arrangement therefore may be deemed 
beat ; but where variations in the speed of machinery to he driven 
arc of Httle moment, undoubtedly the single cylinder engine is 
the most advantageous xaotor. The questions of imperfect va- 
cuum and of loss of pressure in expansion consequent on changes 
of temperature have not been considered in the forgoing re- 
marks, because the relative merits of the two kinds of engine 
wonld not be affected appreciably by them." 

61. Notes OB Slide Valves. — We take the three following 
articles from the " Scientific American ; "• — 

(a.) Bovs to Set a Slide Valve, — " In all the works on steam 
i which have been written we do not remember to have 
y account of the manner in which a shde valve is set, and 
we have had frequent inquiries from young — and must we say it — 
old engineers, who confessed they did not know much about it. 
It seems strange that any person should have charge of a steam 
engine and be unacquainted with this simple duty, yet it is a 
fact indisputable. Many an hour locomotives have stood on the 
tract helpless from the aUpping of an eccentric, which the driver 
was unable to replace ; and miechievoua comrades have oftentimes 
designedly loosened set screws, (in the early days when screws 
alone held the wheel in place,) so as to cause confusion and aubse- 
quent dismissal, to the incompetent driver who could not reset it. 

" There are indeed no lack of rules in engineering worka whieh 
direct us to sat the eccentric, something in this way : — 

• The reader intflreBtsd in this important department of raechanicnl 

engineering irill find foil directions sa to setting valves in tte 'Working 

Drawings of En^eering and Machine Making.' A Fullartan and Ga. 

t liOndwi and Edinliurgh. 
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" ' Place the crank in the position corresponding to the end of th 
stroks (why not say on the centre 1) Draw the transverse centn 
line answering to the centre line of the crank shaft on the bei 
plate of the engine, or on the cylinder, if the cn^ne "be direM 
acting, describe a circle of the diameter of the crank pin on thi 
large eye of the crank and mark off on either side of the trani 
veree line a distance eqnal to the eemidiameter of the crank pin 
from the point thus found stretch a line to the edge of the cirol 
described on the large eye of the crank and bring round till tbi 
pin touches the stretched line. When the crank is thus plaoe« 
at the end of the stroke the valve must he adjusted so as to havi 
the amount of lead or opening on the steam side which is in-l 
tended to give at the beginning of the stroke, and the eccentric' 
must then be turned around upon the shaft until the notch iiu 
the eccentric rod comes opposite to the pin on the valve lever! 
and falls into gear ; mark the situation of the eccentric, and pot 
on the catches in the usual way, etc.' 

" This long and incomplete instruction is from Bourne's Cateij 
chism of the Steam Engine, and we are sorry to say omits onjj 
very important thing, so that it would he impossible to set ■ 
valve by this method. The omission is in getting the length iM 
the eccentric rod at the outset. Without further criticism oi 
discussion, we shall explain how an eccentric is set, 

" Presuming the proportions properly made by the draughtemai 
at-the shop, the first thing is to find the length of the rod. ■ 

"Put the straps on the eccentric, and connect the valve gear a 
in working order. Disconnect the engine and ehp the eccent^ 
around on the shaft, and observe what takes place in the steal 
chest, Doubtless the valve will uncover one port clear to t^ 
exhaust while the other is entirely or nearly shut This shov 
the rod to he too long or too short as the case may be. If th 
port nearest the crank, in a horizontal engine, is wide open aoi 
the other port slmt, the rod is too long, and must lie shortenet 
half the difference only. We say half the difference, because it 
must be remembered that what is takeu off one end is put on tlM 
other, BO that the real amount the rod is shortened will be seta 
in 8 complete revolution, i 

" When the valve ' runs square,' as it is called, or opens aii4 
nhuts the ports properly, set the wheel as in. thie diagai 
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"The eccentric is always in this position, in every instance, 

■Lether the engine be vertical, horizontal, or inclined, and the in- 

?entian of levers between it and the valve makes no dilfeience 

b relation to the crank itself. The wide part of the eccentric 

d the crank are always at right angles to each other, excepting 

b departure from a right angle as the lead and lap take of£ 

■ The diagram represents an eccentric without lead working a 

valve without lap. Such a coincidence seldom obtains in prac- . 

tice, and the true position of the eccentric is shown by the dot- 

^kA. line, a ; this indicates that the eccentric is turned on the 

Bbtft towards the crank, thus puUing open the port behind and 

^Kving the crank in the direction of the arrows. If levers are 

^Uervened to reverse the motion of the eccentric the crank would 

go the other way. We are speaking of a direct connection. 

" It will be easily understood why the eccentric is always in 
Ihis position, when it is borne in mind that the eccentric must 
mence to open the valve a little before the crank gets to the 
Ib other words, the eccentric must conunence its stroke 
Pittle a-head of the crank. 

AS IMPROPERLY SET VALVE, 

" Here is a drawing of an improperly set valve. It is not 
D to scale, but is none the less a correct example, It will be 
that tbe cnuik baa passed the centre aa4 wnim6"CH!ai "&* 




return stroke, but there ia bo lead oo tlie st«am side in ftonb 
tit the port nearest to the crank, and before the ciank paffled i 
centre there must have beeu much compressiou in the oyliiD 
at tba forward end of the stroke. The ateam was shut up in ' 
cylinder, and its tension or elasticity greatly increaeed theis 
1, like other gases, follows a law discovered in some exp 
iDonts by a French philosopher calletl Maiiobte. According 
this authority, if eteam at 60 pounds be shut up in a cylinder 
iaohes loog and the piston in said cj^o&Kt Va •ga^Bs&.Ai 
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inches, the volume will be reduced one half and tlie pre»- 
aare will have been raised to doublo or 120 pouuda. 

" So when the exhaust closes too sckid, eay at bis inches bom. 
the end of the stroke, when the crank is on the centre the pree- 
fiure will be in proportion to the amount of cushioning or com- 
pression. There are many engines working in this condition to- 
day ; should they not be attenJed to ) 

I " Setting the valve with a link notion is precisely the same 

ration ; the eccentric stands exactly as shown in the diagram. 

's only this difference — the lead is somewhat disturlied by 

e action of the eccentric rod which is not in gear, whether it 

' le forward or back connection. This derangement causee some 

uigB in the lead when cutting ofT at low grades of expansion ; 

is necessary to take this into account when setting the 

The lead should be given properly on the point the en- 

e is to work at, for since the lesser rates of expansion are only 

ted, on emergency, it matters little whether they are correct or 

i (b) Tlie Pressure on a Slide Valve. — "It is a popular idea 

bat the number of square inches in the Ijack of a slide valve, 

d the potmds of steam in the chest, represent the total pressure 

u the valve. Another delusion is, that the pressure on a slide 

" ; equal to the pounds of steam per square inch on the 

iiinua the area of the steam ports. If we consider the 

Mlve to be a solid block of iron on a solid table, and mechani- 

dly tight, the steam would press on every sqnare inch of aur- 

with the same force that a dead weight laid upon it would. 

^t these conditions are never found in a slide valve, except in 

le position; that one, when the valve laps over both ports, and 

IS engine is at rest. 

" So soon, however, as the valve is moved the steam enters the 
n port, and the pressure is practicaDy taken otf that end of it, 
OiBu the valve is moved back over the port, the steam that is 
alat up within the cylinder will press up against the under side 
nftlie valve fece with a force exactly equal to the pressm'e at the 
point in the stroke of the piston at which the valve closed. As 
"le valve continues its stroke the other port will be opened, and 
IB steam we have supposed shnt up in the cylinder begins to 
tibia tiiae, the preeaoK against tbo undei »' 
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valve will te the preseure in the cylinder at the end of the strofe 
This preasuTe is only for a brief period, however, for in a wii 
constructed engine the time of exhausting the contents of t~ 
cylinder is very short. While the steam is entering the op« 
port, then, and after the exhaust has passed through the olnsei 
port, tho pressure on the under side of the valve will be just ti 
ordinaij back pressure, supposing the engine to be non-condem 
ing — which is the suppositton we have entertained in this di) 
cuBBion. 

" It is therefore nnqueationable that to determine the pressm 
on a slide valve we must consider the pressure in the cylinder t 
the time of cutting o^ at the end of the stroke, the area of t" 
pOTte, the area of the ba^ik, and the back pressure on the pi^toa 

(c) Balanced Slide Valves.-^" A serious objection to the i 
of slide valves is the great power absorbed in operating the 
When this detail of the steam engine is of any considerable s 
the evil increases to an injurious extent, so that the force require 
to work the valve is a laige per-centage of the whole power t 
the engine. Indeed, it is not unusual to see slide valves whic 
have an area closely approximate to the total number of s 
inches on the piston, and if the nature of the work to he doB 
were similar in both eases, the pressure on the piston would l 
balanced hy that on the valve, and the engine would not mov«t 

"The result of this great labour on one part of the engine i 
followed by the rapid wear of everything connected to or with i 
The eccentric straps of screw propellera are often made i 
wrought iron and bushed heavily with brass, so as to witl 
the strain and to avoid heating caused by the excessive frictioi 
The rock shafts are made unusually heavy, the valve stems n 
stouter, the journals larger and longer, and in fact each detail i 
vety greatly enlarged so that it may be capable of performing til 
task assigned to it. Thus a lai^r amomit of material is i 
than is needful, on increase in the cost of construction is app( 
rent, expetwe in lubricating and repairs ensue, and the whol 
system ia not only defective from an engineering point of vien 
but vexatious in its oommercial aspect. 

" Aside firom this defect, the slide valve, when properly mad 
is one of the simplest and most effective ever invented for i 
offica If there were no remedies for the disease spoken i 
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■vionaly, the adoption of the elide valve, beyond oertftin areaa, 
would be discouraged, but Binoe the ingenuity of man haa pro- 
vided a way of escape, it ia singular tbat so few interested par* 
ties avail themselves of it. 

" K we were temporarily made a power from which there could 
lie no appeal, we should immediately fulminate an edict against 
parties using slide valves, and command them, on pain of large 
tnnual repoira, and manifest deterioration of thoir property, to 
apply Bome method whereby the pressure of the slide valve would 
^ Kttaced to a rational amount ; no greater than that due to 
the work required of it. 

" When the first invention to relieve the excessive friction of 
Qie valves was brought ont it was a step in the right direction, 
bat the attempts to introduce this valuable improvement have 
met with very httle enconragement from those most interested. 
In the eases of large screw propellers which have engines work- 
ing at high speeds it is absolutely necessary to divide, or take off 
the pressure on the valve lace. Different methods have been 
idnpted to do this. One of the simplest for low presauie .en- 
gines is that invented by Messrs. Fenn, of England. This con- 
stats in planing the back and &oe of the valve parallel, and plac- 
ing a brass ring between the back and steam cheat bonnet, so tbat 
lbs junction is steam tight This ring covers only a portion of 
the area of the back, and therefore excludes the steam pressure 
&ani tbat area. A connection is maintained with the space in- 
ade of the ring aad the condenser, which materiaUy aids in re- 
storing the balance, or reducing the friction of the valve on its 
iKe. 

" A striking effect of the utility of this contrivance, so far aa 
wlieving the pressure is ooncemed, was witnessed by engineers 
m the Itahan frigate He d'Ifalia. The condenser communication 
"as shut off when the valves, stems and rods, although of ample 
iimensiocs, trembled violently, showing that the resistance to mo- 
^on was very great. On restoring the connection the valves re- 
sumed their previous easy movement, 

"Another method is to attach a steam cylinder to the steam 

chest. In tilts cylinder there is a piston which the main valve 

i« connected to by links ; when the steam La let into Uie chest it 

^^WAss eqnal^ oa the valve and the piston, 'bet'HecTv flae \?«(i,^a 
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th&t the ptesanre ia taken off the valve in the ratio of the differ 
ence between its superficies aad that of the piston. The pistcoi 
has a alight reciprocating movement to compensate for the atroto 
of the valve. Vacuum may bo maintained on the hack of the 
piston, BO that by the combined force of the steam and the ab- 
sence of back pressure on the piston the valve may be actoaUj 
pulled off its seat. It is impossible to detail all the ingeniom 
and practical devices for this purpose, but it is manifestly propet 
tliat they ahould ' " ■ ■ ■ " 

(d) Improved Tnoua abaorpi 

tion of power by yection t> 
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Engineers of experience know well how to constnict a valve 
ahftU work properly as to tbe times of opening and closing 
the ports, and the relation between the steam lead and the ex- 
hauat lead, and all are agreed that an efficient, simple and durable 
attangement for equalising the pressure on the valve face is ex- 
ceedingly desirable. Tbe friction of cast-iron sliding on cast- 
iron, nnlabricated, according to Bennie's experiment^ ia 1'5 of 
the weight up to 100 pounds pressure per square inch. Prom 
tltis estimate we can readily see what amount of work is ex- 
pended in merely moving the valve over the face to let the steam 
in and out 

"In the engravings published herewith, we have a represen- 
titiott of a new method of balancing a slide valve. No springs, 
gears, or eleam-tight joints or leveta are interposed between the 
wive and covet, but it is of the ordinary form in its general 
lentores. 

" Two Talves are joined together at the back, as in the isukted 
view, and the ports are made double, so that there are two 
vilves and two valve iaces in the chest, instead of one, as here- 
tdbrc^ These porta are constracted aa shown in the section. 

" The TalvB faces being inclined, shed any dirt or sediment 
Qiat may chance to drop upon them or be carried over from the 
boiler by priming, and &om being inclined they wear steam tight, 
top and bottom, the degree or angle being suited to equalise the 
The steam passes between the two valves, as shown by 
arrow in the section, and, pressing equally against both sides, 
the valves to work freely, aud yet steam tight, against the 

. Foundations of Engines, — In a paper on this important 
I Bbjeot, in the " Mechanics' Magazine," under date January 
'", 1865, we find, amongst other remarks, the following: 
" FoundJationa or structures of brickwork for engines are 
_ " nous strains. In beam engines compression 

ttnd tension are equal, but rigidity in this case is the moat im- 
portant to maintain. The amount of loading, or brickwoi'k 
underneath the cylinder, is regulated by the pressure of the 
a of the cylinder. Should the least disturbance 
I the foundation take place, the perpendicular line of the 
plinderwiU be greatly aSeoted, particularly wken V 
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at the top of the cylludar, or at the full stroke. Securing thd 
cylinder on its bed 13 also one of tha vital operationa which 
t^nlates the correct working of the engine. The brickwork 
should in every case be allowed to settle equally, and be loadad 
for a time to eueure a perfect compresaiou. It is the general 
rule to introduce bond-timbars to receive the bolt-keys an^ 
plates ; but, undoubtedly, the better and stronger material foe 
that purpose would be coat'iraa, in the form of a ftams built 
within the brickwork, "When bond-timbers are laid separatelyi 
each side piece is independent of the one opposite il, wheteaa, 
with the caat-irott frame, the entire resistance would be equally 
distributed throughout, and being connected, or in one mass, 
each point of resistaace is counteracted. It may be argued tha£ 
a wooden frame would accomplish the same object as an iioit 
one. Granted for a time, but rigidity and durability are not ao 
fully developed in the products of the vegetable as in 
nuOBial kingdom. The writer has known instances where the 
entire loadings of large engines have been built on wooden 
floorings, in order that the resistances might be distributed 
equally. This was correct iu principle, and in practice has beea 
found to be advantageous. .... In b uildin g the engiae-houBe, 
it is often the rule to construct the loading and walls in 
nection with each other, in order to ensure rigidity. This, how- 
ever, entails a mass of brickwork, &c, which, by adopting tha 
tubular foundation and loading, would be greatly reduced, and 
the required strength ensured, by the addition of the concrete, 
as well as by the pecuHar form of the structure. Stones of 
large sizes are usually used for the bed of the cylinder bottom of 
plate, In some cases they are connected by wrought-iton 
clamps, to preserve a solid and even surface, 

" The holes for the holding-down bolts are often made large, 
so that their fitting the bed-plate may be ensured. The use of 
the key or hand holes below the loading ia, as well known, for 
the purpose of allowing the bolts to be withdrawn when i 
quired, in case of breakage ; but this accident rarely, if evi 
occurs. The gain in the acceesibihty to disengage the lower ei 
of the bolt when required, is attended with the requisition 
extreme tightening, so as to preserve a rigid connection. The 
bolt being fixed, or bearing at each. Bx.tiQiavtY, lequirea a greater 
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stnin on it tlian when firmly secured the whole of its length. 
There ia no natural law to prevent holta being secured in the 
oat-iron or wooden fiame below the loading in their respective 
poffitiona, so that the upper or top ends will fit the holes pre- 
pued in the bed-plate, a template of which might he used duiing 
the erection of the loading. The structore would then, if the 
Wta were taper, socnre them more rigidly. The donbt may now 
anae, whether the exact position of the bolts can be maintained 
during the settling of the structure ; the answer to this is^ — pro- 
perly secure the template, so that no distnrbance can affect their 
Crne positions. The nest portion of this subject of vital im- 
prtance is the secoring the bed-plate of the cylinder. When 
the plate is secured direct on the stone or brickwork, it often 
happens that, in screwing or tightening the nuts, the original 
level of the plates is destroyed, and cases have been known 
where great difBcTilties have arisen to remedy the deviation 
Jluded to. 

" In cast-iron, cohesion is more fully developed than in stone. 
We find, oa seoaring iron to stonework, the latter, with great 
Oimpression, scales or crumbles under its superior ally, Also in 
the case of looseness of contact with constant movement. To 
obviate these casualties, the better plan would be to employ 
cast-iron in the place of stona It may be argued that, as the 
Aronger and harder material stiU rests on that of the weaker 
nature the evils alluded to still exist. This, hawevei, is ohvi- 
tted by the application of the materials employed. The cast- 
iion top frame should be so shaped that portions of it are 
embedded in the structure or loading. Area of surface in this 
case being required to maintain rigidity, the provisions on the 
frame for the reception of the cylinder bottom should be chipped 
imd filed to their required state after the holding-down nuts and 
bolts are finally secured ; by this means esactitnde is ensured, 
without the fear of deviation. Another gain in the nse of the 
lop frame is, that as cylinder bottoms are turned and faced to 
Teceive the flange on the cylinder, adjustment by chipping is 
impracticable to ensure a perfect steam joint. Enough has now 
Ixwn said to evince proofs that scientific principles require as 
much observation in the eonstmctioa of foundations of engines 
as for Ibeir jnanufacture. 
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" Horizontal engines are usually on a Bmaller scale than th( 
of the beam kind. The usual shape of the foundation 
horizontal engine ia a parallelogram in plan. As for 
engines, piling and concrete should be resorted to, to retain 
tirin aurlitce for building on. The Btraina imposed by 
acting horizontal engines are not ao intense aa those of the beam' 
kind. In the latter, if the division of the versed sine of ths 
travel of the beam ia not exact, the distance of the centre o^' 
motion to the base of the loading acta aa a levet to disturb tho 
perpendicalar line, but in the horizontal engine the strainB an 
more of ft longitudinal than perpendicular nature. Certainly thft 
centril'ugal force of the fly-wheel tends to lift the foundation, bnl 
thia can be counteracted by an increase of weight of loading 
under the centre of the crank shaft. The main frame, or bed' 
plate, in most cases, is in one casting ; consequently, the area ai 
the Burlace in contact with the brick or stonework is more thai) 
that for the beam engine in relation to the nominal power. Also, 
in the case of the horizontal engine, the cylinder guides arid 
main bearinga for the crank abaft are on one frame ; hence nd 
deviation can ensue withoat distortion, which can only be effected 
by the tmeven tightening of the nuts of the holding-down bolta 
To obviate this, care should be taken to turn each imt at thtf 
same tima The holiUng-down bolta should be secured in ths 
lower frame, and built in the brickwork. Those for the crank 
end are longer, due to the increased depth of the loading, thtf 
lower frame being made to suit." 

63. On P-wton Packing. — Wefindinthe "Seientifle American"' 
the foUowing remarks : — " When the first piatona to ateaia 
engines were made, they were made tight by hemp gaskets, — • 
that is, coils of hemp plaited with rope thoroughly slushed of 
Booked in hot tallow, and aubsequently driven in as tight as » ' 
man striking with a sledge could make them. It was a great' 
step in advance when cast-iron rings were auhstituted for thd 
hemp and steel springs inserted to keep the rings always up ts 
the cylinder. Quite as much ingenuity and thought have beeiB 
expended on the pistons of steam engines aa upon any oth« 
detail, and the variety in shape, form, and kind of packing; 
would make an interesting study for the engineer if they weW 
alj coUected in book form. The pisUniB oi oceaa *ftssnii«a,fai 
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Slice, have lighter epmigB than many small engines, and are 

it packed so tight, by many degrees pressure, in proportion to 

5 engines on land. There are few stationary 

mpn»» in the country which will pass the centres with two or 

m pounds pressure oa the gaage, but there are plenty of steam- 

te that have engines which will do this witli ease. 

■ " It was formerly the custom to pack locomotive cylinders with 

<B rings, which had a central lining of Babhitt metal let in. 

ie also ia done away with, and the largest works and the 

lesTOst engines on the Erie railroad, and others, for aught we 

V, have caat-iron rings. 

"1ji many instances pistons have been used without any 

" ' 1 them — being simply solid disks fitting tightly, yet 

, to the bore, Some concession has beeu made to pre- 

s and conventional ideas by turning grooves in the solid 

itoD, and depending on the partial condensation of the steam 

le £11 these grooves with water, and thus interpose an obstacle 

b the passage of steam between the piston and cylinder. It is 

pofaabie that the evil of a leaky piston has been much exag- 

Mted, for, although it will show on the indicator diagram when 

7 much out of repair, it is a question whether any great 

onnt of faet is wasted by each a loss. There ia no question, 

r, but that much damage is done to eteam cylinders by 

i packing, and many can testify to the scored and seamed 

jjflindera that were made so by forcing in the springs. 

I "Air pomps have been made for compressing air with solid 

md, reasoning feom analogy, there soems no objection to 

g the pistons of steam engines of a moderate diameter of 

felkder entirely solid ; in fact, many are now working so made, 

id those who built them, as well as the owners, find no fault 

b their performance. On the contrary, rings are frequently 

» Murce of trouble, and, taken altogether, with their springs, 

poliowara and follower bolts, the piston with metallic packiag is 

!■■ Costly detail If lessening the cost of construction, and re- 

I tuning the vital quahties of any part, is an important feature, 

I tben ^e pistons of small steam engines should be made sohd." 

6i, Piston Rod Quidee. — Wo follow up the remarks in last 
■jfuagraph by extracts &om a paper with this title, given under 
' r 29, 1866,ia the "Mechanicrf Magmiie" "^«^ 
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what the writer gives on other points not noted here we refer tl 
reader to the article iteelfi — "With, vertical engines goidea a 
imperative, unless the parallel motion be again introduced, whil 
may he said to be too complicated for pistons moving at hig 
speeds, Ihe many Idnda of guides for engines of this class 
all the same in principle of action, that is, they retain the pej 
pondicular motion of the rod. Some makers prefer a circoli 
guide, in fact, a prolongation of the piston rod, the same workii 
in an eye or hush. There is great o'bjection to this arrangemen 
owing to the fact that the str^n on the rod at each half stroke < 
the piston tends to deflect the rod of the some, owing to the Sxi 
locality of the guide. Another mode is to prolong the rod i 
hefore, but with a separate portion on one side of the crossheai 
the pin for the connecting rod being on the opposite side of th 
centre line. The guide in this example, as in the last, is fixe( 
but the piston rod is between the centres of action of the guid 
and connecting rods. It is obvious that with this straogemeD 
the strains are more evenly distributed than with the c: 
guide, centrally located and extended so much beyond the centR 
line of the greatest strain. The evil of fixed guides is so appai 
ent that ere long their adoption will doubtless be discontinued 
The true definition of fixed guides is, that the strain on tl 
ton rod is counteracted from a fixed point, and thus disarranga 
ment and deflection are the natural results. 

" The mode of adjusting the surfaces is of great importance, 
all rubbing surfaces in contact, wear in the direction of the atrai 
enforced. In some cases sliding blocks are used, each end of tin 
crosahead being inserted therein. The blocks work in a cl 
formed in the framing. £y this it will be underatood that ad 
justment was not regarded, and on the blocks and channel becom 
iug worn a jerking strain on the piston rod was the result at 
half stroke of the piston. The means adopted to adjust the bui 
faces in contact are various; in many instances compression or 
duction of the space between the surfaces is adopted, while ii 
other cases expanding the guide is resorted to. To define whici 
is the better we must consider the strains and surface chiefly 
fected. It is universally known that the centre of action of tbi 
piston rod must be retained, so that to adjust one side of the guidi 
OBfy would be doubtless disturbing the plaaa Ima ot the rod. ~ 
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beevent of afaifting both sur&cea, adjosting bo1t« and nats miiBt 

t laintrodaced, thus eataUing complicatioa and increase of liability 

to loosenesfl of detail. Tho better plaji is to adjust the block, and 

t^i^ngle aciew, wedge, or key, adjuatment can be readily main- 

d without increase of friction or disarrangement The guide 

lUijcki now in general use have flat, curved, and V-shaped or an- 

IgnUr Eurfac«a. The channels in the fraiuiug are solid (so to 

ik), or adjustment is attained by the block only. The first- 

Butioned surface is the most general, each side or surface being 

Eloose portion and connected by set screws, studs, or wedges. 

' e case of the curved surfoces, rods are used as guides, and 

lie brasses either claap the rods or are semicircular in contact ; 

'le Utter may be deemed the preferable mode, as the outer aur- 

u contact unless there be excessive wear on the imier 

The V guide is perhaps the best example, as the shape of 

[e asiists to retain the position of the block, whereas with the 

it suiiace block proviaions on the sides are imperative, unless 

n channels be recessed. 

"The nest engines for consideration are those adapted for high 

Fnlodties, or the horizontal type. This detail for horizontal eu- 

'a much varied in principle and design. Some makers pre- 

f &r doable guides at the sides of the rods, while others resort to 

tiie primitive fixed gttide, to which we have alluded. In the 

e of the double guide it should be rcmemberod that four sur- 

e always in contact, whereas with judicious arrangement 

too fitces will be ample, stilhcient area being, of course, consi- 

The action of the connecting rod is to lift and press 

a the piston rod, sueli action being, of course, due to that of 

When double blocks are adopted another evil exists, 

evenness or inequality of adjustment, due of course to the re- 

inments of simultaneous tightening of the guide surfiices. The 

e block also admits of a better connection with the piston rod, 

le the guides themsflvea can be located over and under the pei^ 

ndioulat line of the piston rod, mi arrangement which admits of 

H greatest resistance to the strains imposed. For the better pur- 

K of exemplifying our remarks we will describe in detail the ar- 

■Wgament now under question, which is particularly adapted for 

iugh velocities and reverse motions. The guide block is formed 

liUier oSgun metal or maiJea We cast-iron. The liAto, aViibOM^ ai 
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late productian, is being now extensively aaed amongst engineen 
and machiniats. ItatenocitjiEaomewhat startling; we bav^ 
specimeiis tied into knota withoat fracture — in fact, eqnal to 
wrought iron. The epace between the wearing surfacea of the 
block is aufGoient to allow for the rise and descent of the coO' 
necting rod. The brasses clasp the guide on all sides bo that 
lonsenesa is an impoasibility. Adjustment i» attained by wedges 
with stop or set rnita at the front end, which can be further 
cured by sot nuts and studs at the back if required; but this last 
may be termed an excess of safety, but nevertheless is more se 
The connecting rod, instead of being double at the connection, 
ia single, and inserted in the block instead of clasping it. ~ 
pin OT crosshead, as in other engines, passes through the block, 
and is secured at the smaller end by a nut, recessed in the side 
of the block j the larger end of the pin has a key to prevent its 
oscillating or shifting m the bearing. The brasses of the connect- 
ing rod are adjusted by a cotter and interna! rod, the former being 
beyond the guides if required The piston rod is secured 
to the block by a key or cotter, a projection being cast 
fnr that purpose. It will thus be understood that Bimplioity 
and compactness are maintained, and adjustment is available 
without diHarrangeraeut. The guide channel can either be 
closed at the sides or open for given spaces. The upper por- 
tion of the guide is secured, to the lower by three bolts and nuts 
on each side; lateral disturbance ia prevented by recessing the 
guides reciprocally where connected. This explanation suffices 
to show the superiority of the arrangement now advocated, eco- 
uumy of construction and repair also being considered. The 
guides for oscillating engines are the gland, packing, and bush ' 
the stuffing-boxes; the trunnions being also pivots to retain the 
location of suspension," 

55. Thompsim's Portable Engine. — "Almost every day wit- 
nesses the advent of some improvement, or attempt at improve- 
ment, in the application of steam power, and especially in 
portable form, and the desire tor simplicity and a reduction ir 
number of parts, has led to atterupts, almost without number, to 
construct an engine with a contiiiuous rotary movement instead 
of a reciprocating one oonvertibli to rotary movement by the 
action of a crank. It is obvions tin;* a constant stopping and w 
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versing must require greater weight and strength than a coalinu- 
ona movement in one single direction. Among the machines ex- 
liibited at the meeting of the British Association at Birmingham, 
was a portahle engine by Mr. K, W. Thompson of Edinburgh, on 
the rotary principle. The boiler ia vertical, having a cylinder of 
3 ft. in diameter by fi ft. in height, the internal fire aurfaee con- 
sisting of a hemispherical bottom, with the heat spreading all over 
it by leading to a circle of vertical fire-tubes, passing through the 
water. To one side of this boiler is attached the engine, which 
shows eztemolly aa a horizontal cylinder, about 13 in. in diame- 
ter by 2 fli. in length, within which the pietona revolve, the en- 
trance and exit of the ateam being provided for by the action 
of external elliptical tooth Vfheela fixed on the revolving shafts, 
which, causing alternate faster or slower movement of the pistons 
past each other, opens and closes the passages. A drum-wheel on 
the axis of the cylinder carries a strap, which will put in motion 
any required madiiaery. The whole is supported on one pair of 
wheeb, with a pair of shafts attached, and can bo moved by one 
horse, The machine as shown was stated to be the equivalent of 
an ordinary eight-horee portable engine, and that the relative 
weights were 30 cwt., the rotary engine against 55 cwt. on the 
- ordinary plan, while the cost price of the former to the latter 
was in the same proportion. No flywheel is needed to keep up 
the movement, and there is an absence of all the vibrating mo- 
tion induced by the reciprocation of ordinary engines. The prin- 
ciple is equally applicable to portable purposes or to boats or lo- 
comotive engines. The actual consumption of fuel for work done 
was not given to the meeting ; but, assuming it to be the same 
per horse power, there is nothing in the wearing parts of the ma- 
chine that may not easily be replaced, and at little cost. Every 
improvement of this kind, placing steam more and more within 
the reach of every one for all the common labour'saving purposes 
of life, is a gain to the community. It is probable that this en- 
gine, worked by a blazing fire of petroleum, will prove the best 
and simplest, as well as the cleanliest, moving power appUcable 
to ship's launches, which is now found to be almost a necessity of 
L .modem steamships, economising the strength of seamen by 
Ht^tting rid of the labour of the oar. Getting rid of weight in 
^^dhie machine is a very important matter, by allowing a lai^ 
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amount of fuel, aa well aa fiicUitating the hoisting in 

66. Dcnible-Cylinder Revolving Steam En^ne. — ^Tho "S 
tifio American" describes an engine of this kind, the inventioB 
of J. It Foater of Virginia : — " Rotatory engines, in one form, o 
another," saya the writer, " have ocoupied the attention of in 
ventors for many years, and changes in the form or details o 
them, with a view to render them economical and effioient, ov 
continually being made. 

"This engine ia not a rotary engine, inasmuch as the piston* 
in Buch machines, travel continnonaly in one direction, but t' " 
combinea a reciprocating motion of the piston with a rotary one 
of the cylinder, and adds the 'Weight and momentum of that 
debiil to the force exerted by the piston 

" The following description will render the principle ar 
main parts famihar to the reader : — The cylinders are fixed on J 
the face of a wheel at the opposite ends of its diameter, this 
wheel being aet below the centre of the shaft and pulley, half | 
the length of the stroke. When, therefore, ateam ia admitted to 
the pistons, they, on being forced out, act againat the crank 
which ia placed between the cylinders, and turn the cylinders j 
and wheel round. | 

" The steam is let into the cylinders by ports, through th 
the ateam pipe and exhauat pipe. There are two branches t 
both of these pipes, and when steam is let into one, by turning 
a valve the engine revolvea in one direction, and is reveraed bj 
admitting ateam to the other branoh. It is intended to have 
two sets of cylinders, or four in all, the piston rods crossing eacll 
other at right angles, and one pair of cylinders set further fioni 
the shaft in order to allow the rods to work on different c: 
on the same shaft. The yoke is fitted to a bearing in the <x 
shaft, thua distributing the labour on the main shaft B) 
having four cylinders there ia no dead centre, and the force i 
continuous at all times. Packing ringa keep the wheel ateanK 
tight at the point where the steam is introduced. These rings 
fit in a circular chamber behind the wheel, and are made i 
sections ao that the entire chamber will be prevented from loajn 
steam by the expansion of theni in every direction. Tin 
-ejfUBdeis ore lubricated by a cdl^ oh &« A»a.ifi. i^f^ ~ ' 
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B, says the inventor, is particularly nsofnl for propellers, on 

luit of the ease with which it may be reveraed, and the 

telocitj of piston it is capahle of attaining. It is also claimed 

be simple and efficient, and that two revolutions of the 

I obtained from one reciprocating movement of the 

57, (a) Defecfa of Steam Enffitieg — (h.) Ilorse Power— (c.) Ejr- 

! qfSteatn. — On these three topics we take the following 

e paragraphs from the " Scientific Ameiican :" — 

) Defect in Steam Engines. — " Zaalons professors of science 

isionally call attention to the iact thst steam, as a motor, 

s much more than it should, and that little over one-tenth 

B actual heating value of the fuel is realized in practice. 

3 and experience prove thfl statements to he virtually 

i, and it is a I'eproach to the mechanical skill of the period 

it it should be. 

"The loss is not in the theory of the engine, for thst is per- 

t, hut in the practice of that theory ; or, in plain terms, in 

9 confitruction of steam engines. It is an undeniable fact, 

I that bat few of the ateam engines now constructed 

fork with the economy that they should, or even approximate 

■ performance to the theoretical value of the fuel 

• "Portable engines are turned out by scores which, although 

H enough externally, are far from being in a healthy condidon 

p those parts which affect economy. The ehde valves are only 

inch in name ; they exercise few of the proper functions of this 
most important detail, and the boilers are heavy, enormously 
laige in fire and heating aurfaoe, and every way disproportioned 
to the size of the cylinders. The feed pumps are poorly got up ; 
the valves lift too much ; the water passages are cramped and 
crooked, and the absence of any proper method for hpating tlie 
feed water without creating more loss from back pressure on tlie 
piston than is gained by injecting hot water to the boiler is oftey 
noticeable. We make these statements for the interest of ann 
it may concern, not to find fault. Many atationaty engines are 
^B precisely the same condition. 

^t * It is not the only tidng required in a slide valve that it 
H^all open and close the ports at a certain time, but that it shall 
^E^j»rJr eet toe the work ft has to do, that it b'd.^ qu^xuA 
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the conteuta of the cylinder at the proper time, that it ahall c 
properly, and that the lend ehall lie proportioned to the datj 
That thia IB important every one is awaro who has ever in 
Bpectcd, or is familiar with, indicator diagrama. 

"It is a commoa thing on railways to hear a locomutiT; 
exhausting " one-sided," aa it is termed, or giving palpable publi 
evidence that it is out of order, and that the master-mechanic o 
the Hne ia either indifferent or careless of his duties, 
of one road where our ears ore daily saluted by the sound o 
a locomotive drawing a long train of coaches, and iegulai4] 
exhausting 1-2-3 — 4, l-2'3 — 4, or with a very positive I 
between the successive exhauRta. It would be quite as seni 
to draw two or three empty coaches day after day, a^ it i 
permit an engine to run in this way ; for at every uneven o 
irregular interval the eteam is compressed or choked in 1" 
cylinder, and delayed in getting out until it acquires a hi 
tension, so that the actual pressure is much greater on t 
exhaust side than on the steam side. This subtracts from 1 
efdciency of the machine, adds to the cost of repair, of fuel, a 
every thing used in running the engine. A locomntlTe engia 
exhausting unequally carries dead weight, which costs a grea 
deal to keep. 

" We know that engines are often regarded as in chronic o 
incurable difficulties, because some mysterious cause conflicts 
with setting the valves properly, but we have frequently found 
that individuals were more fond of declaring that the defect wa 
veiy mysterious, than they were zealous to remedy it, 

"Tt 13 very plain fcom the simple facts here cited — many a 
which are so well known among professional engineers as to bb 
tmisms — that one of the greatest obstacles in the way of 
economy in the steam engine, is a want of mechanical occorac; 
in construction, erection, and oversight, and that the cost of a 
horse-power could be very much reduced by attention to obviooa 
(ind well-known defects existing in steam engines." 

(p.) Horse Power. — ""When Watt began to introduce his atec 
«n([inos he wished to be able to state their power aa compar 
wiUi that of horses, which were then generally employed fo; 
<ll<Tilig millB- He accordingly made a series of experiments, -whiot 
tnt him to the conclusion that the average power of a horse v 
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Bdfficient to raise about 33,000 Iba. one foot in vertical lietf^ht 
per minute, and tbi^ haa beea adapted in England and this cuim- 
try as the general measure of power. 

"A waterfaU h&a one horee ptiwer for every 33,000 Iba of 
water flowing in the streaia per minute, for each foot of fall To 
compute the power of a stream, therefore, multiply tbo area of its 
cross section in feet by the velocity in feet per minute, and we 
have the number of cubic feet flowing along the stream per minute. 
Multiply this by 62^, the number of pounds in a cubic foot of 
■watar, and tbis by the vertical fell in feet, and we have the foot 
pounds per minute of the foil ; dividing by 33,000 gives ua the 
horse power. 

" For example : — A stream flowe through a flume 10 feet wide, 
and the depth of the water is 4 feet ; the area of the cross sec- 
tion will be 40 feet The velocity is 150 feet per minute — 
40 X 150 = 6,000 ^ the cubic feet of water flowing pec minute. 
6,000 X 63i = 375,000 = the pounds of water flowing per 
minute. The faU is 10 feet ; 10 x 376,000 = the foot-pounds 
of the water fall. Divide 3,750,000 by 33,000, aiidwe have 
J 13f ^ as the horse power of the fall 

" The power of a steam engine is calculated by multiplying 
together the area of the piston in inches, the mean pressure in 
pounds per square inch, the length of the stroke in feet, and the 
number of strokes per minute ; and dividing by 33,000. 

"Water wheels yield from 50 to 91 per cent, of the water. 
The actual power of a steam engine is leKS than the indicated 
power owing to a loss from friction ; the amount of thia loss 
varies with the arrangement of the engine and the perfection of 
the workmanship." 

(c.) 77ie Expansion Controversy. — " If a cubic foot of air be 
suffered to expand to a volume of two cubic feet, and its tem- 
perature be kept constant, its pressure will be reduced one-half. 
The same law applies to all permanent gases, and this is the fa- 
mous Mariotte law — half the volume, double the pressure. An 
essential condition is that the temperature be kept constant. 
Tyndall contends that when air expands, without doing any work, 
as when it expands into a vacuum, its temperature is not rednccJ 
by the expansion; but all physicists are agieci ftwAxi '^«' *>^ 
ia expanding perforaia work — -overcomes ieals\fl,Tice — i.^- '^ widvii^ 
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^V and, Qonseqnentlj, its pressure is redaced to less than that ai 
^K signed by the law. 

H " It was fonaerly taught in the hooks that Rteatn expanded u 

H accordance with the Mariotte law, but it was discovered i 

H years a^u that eo hirge a portion of the steam m condeneed inta 

H water as to cause a very wide departure tiom this law. What 

W the amount of this condensation is — to what extent it balances tho 

work theoretically due to expansion, and, consequently, whether 

there is economy in working steam through large n 

pansion — is a problem which has proved to be one of the moat 

difdcuU of solution of any that has occupied the attention a.' 

I philosophers 
" On the 18th of November last, Professor W. J. Macijuoni 
Eankiue, of Glasgow University, in a communication to thift 
paper, stated the law of the expansion of steam uader five differ- 
ent conditions, concluding with tho case of a steam, engine, u 
these words : — 
" ' When the steam expands and performs work in a eonductr 
ing cylinder, which receives no supply of heat from without but 
is left to undergo a great alternate rise and fall of temperature 
through its alternate connection vith the boiler and the condenser, 

I the law of expansion becomes very variable, and the problem of 
determining it extremely complex. It is certain, however, that. 
a great waste of heat occurs in every case of this kind, as Mr^ 
Isherwood's experiments have shown. In a paper read to t 
Institution of Engineers in Scotland, about two years ago, I dia-i 
cussed some of Mr. Isherwood's earlier experiments, and showed 
that they gave proof of a waste of heat, increasing with the &IL 
of temperature, due to the expansion of the steam, with the ex 
tent of conducting surface of the cyhnder, and with the duratioi 
of the contact between the hot boiler steam and that conductiii{[ 
surface.' 

^"The great compeer of Eankine, in this department of phy^ 
sics, is Begnault, of France. In a paper published in the Londoa 
and Edinburgh Philosophical Magazine, Ootoher, 1854, he thiw 
statea the difficulties of the problen 
" 'For my own part, I have long laboured to bring togethea 
the experimental data by means of which the theoretical motiTC 
power prodaeed by a given elastic &.m\4, ■w\vu?q. "oaiewtti*! i qi 
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n change of volnme, as ^eU as the qnontitj of beat which 
■l)ecoizies latent hy this change, might be calculated d priori, 
I UDfortanAtely these data are vary numerous, and most of them 
I can iiXi\j be determined by extremely delicate and difficult ea- 
rn penmantg." 

5S. Engine Power, Nominal and Actual. — From an able paper 

I niidflt tiiis title, by Mr. John Imray, in the " Scientific fieview," 

Ifcr December 1865, we take the following extracts: — "Among 

I wtgpanies or private persons ordering steam machinery, it is 

I tacitly uaderstood, if it be not distinctly epeci&ed, that the indi- 

I «ted power shall very lai^ely exceed the nominal ; and an en- 

l ginser working strictly in Ewcordance with the letter ot his con- 

tiKt, would be thought cither anaucce^ful or dishonest if his 

engine did cot do something like three or four times the work 

nominally required of it. He might even, as matters now stand, 

be enbject to heavy damages in a suit at law ; because it could be 

fnred, by overwhelming evidence, that the custom is to furniaii 

actual power very much exceeding nominal — in other words, to 

iBckon eighty or ninety ounces to the pound, or 10,000 or 

13,000 lbs. to the ton. 

"It may be interesting to inquire how this custom originated, 
how far it acts prejudicially to the interests of both producer and 
purchaser, and how it may be best abolished. 

" If we were to define jxmer, we should say that it signified 
the capability of doing certain reork in a certain time. And, 
still farther defining the terms we use, we should say that leork 
means the movement of a certain preseare or redstance over a 
certain space. The kind of pressure or resistance with which we 
are beat acquainted, which is most uniform and most conveniently 
metksured, is the gravitating attraction exerted by the earth on 
masses of matter near its surface. We thus come to take weight 
as the standard of pressure or resistance, and select some unit of 
we^ht — such as I lb. avoirdupois, or 1 kilogramme in the French 
metric system — as the unit of pressure or resistance. In the 
sane manner, we select 1 ft. or 1 metre as the unit of linear 
space over which the weight is moved when work is done, and I 
minute as the unit of time in which it is effected. We readily 
see that to move 10 or 20 lbs, over 1 ft. Involves 10 or 20 times 
the TFori required to move I lb, over I ft. ■, aiso, ^Va.'i, W iwwfe \ 
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lb. over 10 or 20 ft. involves 10 or 20 times the work require! 
to move 1 lb. over 1 ft. ; and thua we determine that work ; 
proportional to the imiyht moved, and also to the space OVM 
which it is moved, and consequently, that it is proportjonftl t 
the product of tlie space by the weight, and must be ejcpresset 
by a number which means neither /ee< nor poun'h simply, but fee 
multiplied by the number expressing ponnda, and called, for th 
sake of abbreviation, foot-pounds. Thua the work involved i: 
moving 3 tons over 12 ft. ia estimated as 3 x 2.240 x 12 = 
80,640 ft.-lbs. 

" It ia evident that rnork alone, without taking f me into ai 
ooimt, gives no measure whatever of power. A mouse, carryii^ 
grain by grain, may remove a ton of wheat over a conaiderabli 
distanoe. A hurse, taking it altogether " " ^^ 

does no more work, hut he does it in less time. Aiid the powei 
of the horse ia to that of the mouse in the inverse proportio 
the time occupied by each in doing the same work. Taking 
then, the element of tiina into aocount, we have simply to di- 
vide the product which represents the work in foot-poandt by 
the time in minutes occupied in performing it, in order to obtain 
a result which represents in foot-poundi per mlnnfe the power I 
of the animal or engine employed. 

" In most cases, the numbers resulting from this arithmetical ' 
computation are large, and would be difficult to remember, and ' 
troublesome to operate with. It would be as if we kept our cash | 
accounts in farthings. In order to reduce them to couveni 
figures, we adopt a tolerably high standard of power — 
number of foot-pounds per minute — vis., 33,000, by which n 
divide our product: just aa we should divide our number o" " 
things by 960 to reduce the amount to pounds sterling, 
standard we call a horse-power, by which we mean literally t 
power of one horse, or its capability of doing work. It was adopt 
by Watt, not without oare and reflection, founded, a 
the average of many esperiments actually made with horses, e 
prohably no good renson can he assigned for altering it ~ 
tically, however, it is now altered, for, instead of 33,000, il 
put variously at 100,000, 150,000 or 200,000, according to t 
avidity of the purchaser of a steam-engine, or the emulation i 
lis maker." 
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After pointiiig out how "step by step, l-Lorse nominal power 

hod come to be 6-horse tirtuat or indicated power," the autJinr 

toncladM thus — " It is inconvenieut, in any caae, to have no tiled 

ttonilud of weight, meagnre, power, or anything else that is to 

jftiide ttsnaactions of purchase or sale. It is still more inconve- 

nient ID matters of science or art, where accurate maaaunnaent 

Dfnsnlts ia of the highest importance as a foundation for future 

npentioDS, But over and above the inconvenience, there is aa 

linmDTBlity, a dishonest greed on the one hand, which asks more 

Ihu it has a right to expect, and an anfair competition on the 

iA\m, which gives more than is asked, merely to throw uthera 

ink) the background. It ia time that this should cease. It' the 

old'lushioned standard of horse-power is defective, let a better 

bs sabstituted ; but let it at least be a fixed and constant quan- 

Utf, to which all the world can appeal, witliout reference to what 

nmfl do or do not, or to any custom or usage whatever. Let 

Di suppose a cose (and it is no ideal one) of a iarmer who orders 

from one engineer a tbreshing-niachine, and &om another a 

■team-engine to drive it. The one states that, to drive hia raa- 

etone effootively, fi-borae power is required, the other undertakes 

to fomish that power. The machine and the engine are erected 

td connected, but they will not work. The maker of the ma- 

line explains that the engine has not power enough ; the 

abcr of the engine states that the machine would take a great 

than 6-horse power. The engine is tested by the in- 

loator, and ia found to give out 9-horae power ; it is also tested 

y the dynamometer, and, owing to the necessary friction of its 

lavtDg parts, gives somewhat less, say 7 or 8-horae power. The 

exy same strap that worked on the dynamometer is applied to 

le threshing-machine, and all the conditions are unchanged, but 

311 the combination does not work. The maker of the machine 

nmediately appeals to the custom of making engines to give out 

poiver double or treble their nominal, and asserts that if that 

Oetom had been adhered to the machinery would have gone 

reetly along, The maker of the engine, on the other hand, 

tuts that threshing and other macliines generally take more than 

leir stated power, and reprehends the custom of so understating 

le force required. 

"Saral/a state of things which penuila sno^ tmotos^^ to " 
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cur should come to an end. It is not as if there weie no roeani 
of testing accurately power eraitteid from an engine or absorbed 
by a machine. The indicator, on the one hand, with reaaonabla 
aliowanoe for friction, and the dynamometer on the other, i ' ' 
no allowance at all, settle those questions beyond appeal, and no 
point is left for dispute escept that allowance in the case of the 
indicator, which might he settled once for all by a few catefully- 
condueted experiments, and which, at most, can amount only to 
a moderate per centage of the whole power. The results of my 
own ohserTatious on small non-condensing engines (from 5 to 
aO-horee power), tested both by indicator and by dynamometer, 
give a loss by friction and other resistances of 1 5 to 20 per cent 
of the indicated power. As a convenient average, I should t&kfl 
about I7J per cent, ; and, fortunately, this allowance rendeisthe 
computation of power very simple, as may be understood hy the 
following example ; — 

Assume that an engine gives an indicated power of 1 
horees, which means that it is equivalent to 3,300,000 ft-lbs. per 
minuto: for the number 3,300,000 divided by 33,000 {%a 
standard horse power) gives 100 horses. Ifow, taking ITJ per. 
cent., or 17^ horses ^m this for friction, &c., the remainder, 
a2J horses, is the quotient, after dividing 3,300,000 by 40,000, 
Hence, to compute the effective or dynamometric power, the ndft 
is simply to divide the footpoands per minute indicated hy the 
constant number 40,000, or to point off 4 places and divide by 4. 
I do not, of course, insist on the perfect accuracy of this ataudwl ] 
on the contrary, I think it is a point which should be determined 
by engineers of experience. Whether right or wrong, it would" 
be certainly better to adopt it than to go on without any stand- 
ard whatever. At oil events, let some standard be adopted, and. 
let it be sanctioned by the practice of engineers of repute, and, 
above all, by Government Boards: who should be the first to re- 
gulate for the public — ^by example, at least, if hot by direct law 
— matters which admit of accurate adjustment, and the adjust- 
prat of which would tend so much to the public advantage." 
ticaUj , 

put van BKcnoN second. — looomotivb steam BNonfES. 
aridity o 
ita maJiei.-,omotiv6 Reform. — "Wa open. 'Cciii "Ovrffiuso. ifi. v 
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work Tery appropriately with an abstract of a paper under 
tlie Bbove title in the " Mechanics' Magazine," under date, Feb- 
mirj 3d, 1865. After pointing cat that since the " Rocket ' 
WM placed some thirty-five years ago on the Manchester and 
Liferpool Eailway, very little, if any, change has been made in 
the prijiciplt! of the locomotive, the writer proceeds by show- 
ing the " two special items " connected with the present Bjstera, 
which involve the Eailway Companies in heavy outlay, These are 
(!) the carrying, or unrcmunerative wheels in the locomotive, 
ind (3) the heavy six-wheeled tenders. The numerous attempts 
to overcome these evils show their importance ; so great indeed 
is tlie loss arising from them, that the writer insists npon this 
that there exists a neeemly for a radical change in the present 
ijslem of locomotive constraction. " The tank engine," ha says, 
"is good iu its way, but is at best only adapted for short runs 
yi'i&t light loads, where a suiiiciency of water and fuel can he car- 
ried without overloading the wheels, and for velocities not ex- 
deeding 25 to 30 miles an hour. But under the present system 
le would venture to construct a tank engine to draw heavy 
loads from Rugby or Peterborough to London. To do so would 
lequire a tank, and coal bunkers, of the necessary capacity to 
iny water and fuel aufScient for such a trip without stopping, 
id thus the wheels would he so overloaded that they would not 
! able to run at all, Were it possible to do this the injury re- 
illing to the permanent way and wheel tires would be enor- 
oaa. The difficulty of overloading the wheels by the tank 
met bonkers might be got rid of by distributing the weight over 
I lai^r number of wheels, but then the distance between the 
Boding and trailing wheels would be too great, causing enormons 
■ide fiiction, and increased danger in running round carves. To 
obviate this the bogie principle has been introduced, but with 
Very questioDable result. When the bogie is adopted in eight- 
wheeled engines it is found to be of very little use, inasmuch as 
Hie framing of the driving and traihng wheels is distinct from 
lliat of the bogie, and the boiler being stayed to the framing, is 
perfectly rigid fur the whole of its length. The bogie-pin is 
fixed on the smoke-box end of the boiler, and so the bogie 
wheels can only run in the plane of the direction given to them 
(y the tramiog and boiler. But these bogies do swivel ouca- 

1 
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mlly, wliile tlieir in>t doing ao generally shows that it n 
t^akci a very ehtirp curve, neceeeitating a great deal of force t< 
[10V6 them. If the two pairs of trailing wheels couM be arrange 
o awivel like the leading ones, the case would he very diffurenlJI 
fi)r then the trailing wheels would accommodate themselvea t 
curve on which they migh* happen to be travelhng withou 
influencing, aa at present, the plane or direction of the leadtii 
wheels. But it is simply imposaihle to place a bogie irame I 
neath the fire-box end of the boiler as at present arranged, a 
if possible, the difSoulty would be to transmit the power of thM 
engine through the wheels with moveable oeritres, to the rails. 
" The weight of material required ' to construct a tank t 
I fuel bunkers on an engine capable of carrying the same amounl] 
f water and fuel as a tender, would be one ton for every b 
tons required foe the tender itself, nearly the whole weight c 
the tender being comprised in the wheels, axles, springs, andT 
framing. If such a tank and hunkers were placed on an engine 
it would bring about 11^ tons additional weight on the wh&els, 
This would comprise 25 cwt. of material, 7^ tons of water, a 
3 of fuel This extra weight could not with safety be placed oa 
the six wheels, four tons being the safest and most economica 
working weight that should be placed on each wheel 
may be increased to 5 or even 5^ tons on each wheel, but t 
go beyond this ia to inflict serious injury on the 
nent way. In passenger engines on some lines, however, 
much as 16 tons has been put upon the driving wheels ii 
to get bite, and the average may he taken at 14 tons; butthk 
has been found so destructive, both to the way and the tirea 
that, where possible, passenger engines are built with four driv- 
ing wheels instead of two, which gives more tractive force and 
less wear on the wheels and rails. It is true that, by coupling 
two pairs of wheels, there is a loss of power, but this is more thai 
compensated for by the extra weight gained on the rails ; aoof twi 
evils the less has been chosen, weight on the rails being impoK 
tant for heavy traffic. This ia conaidered so much so in Ftanoo 
and Austria, that as many as eight or ten wheels are couple^ 
with a weight of from 40 to 50 tons on the rails, but this i 
mngement is advantageous only on lines having curves of largt 
"I" In another part of the pa\wr, the writer makes a remark 



ably usefttl snggeBtion, and on a point so important, that it hji- 
pears strange it bas never been before thought o( namely, the 
system of " having the principal parts of loconiotiveB iater- 
chaageable/' or dupUoateA It is ahundaatly evident that if thia 
was done, tlie repairs of engines would be speedily made, and 
all delays we know are costly. The writer then concludes, 
'' Enough has already been said to prove that much could be 
done, in saving the eveiy day expenses of railway companiea, and 
it appears stiauge that locamctive engineers have never attempted 
aome change towards the removal of the ohjectionablo tender, or the 
introduction of duplicate parta But tlie truth ia, that irrespec- 
tive of responsibility to be incurred, the demamis upon the time 
of a locomotive engineer are such aa to leave him but little mar- 
gin for the consideration of any revolutionary pieasarea if he were 
so inclineii, and so he ia content, if not compelled, to continue in 
the old tract. 

" Eut after all that has been said on the subject, it is satisfac- 
tory to he enabled to point out a way of escape from the tram- 
mels of a system which can raise such insuperable objections to 
any and every point of improvement advanced, K this, that^ or 
the other, being pressing necessities, cannot be done under one 
system, it is wise to consider how far another system ensuring 
their accomplishment should be adopted It, under the old 
well-digested principle, the locomotivo is helpless to fulfil the 
conditions the advancements of the age demand of it, then 
it is clearly time to initiate the adoption of any proposition 
bearing on its iace evidence of matm* consideration in de- 
sign, and a fitness for its intended purpose. An arrange- 
ment calculated to overcome all the obstacles herein enume- 
rated would prove a great boon, not to railways alone, but 
to the pnbHc in general, who are becoming more and more iden- 
tified with them and their interests. With the view of meeting 
these contingencies, and of overcoming the manifest evils of the 
present locomotive system, Mr, Fairlie, the engineer-in-ohief of 
the Central Railway of Venezuela, has proposed a novel arrange- 
ment of locomotive, aa illustration of which will be found on 
another page. Therein he proposes to effect the required im- 
provements, and in the following manner ; — Firatly, by the con- 
atructioa of the boiler, which is so arranged that, according to 
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Mr. Fairiie, a greater gBnerating and maintaining power eanlK 
obtained than by any poasibiiity can be by the existing a; 
Secondly, by tlie whole weight of the engine, including ( 
and water, being made available on the mila for traction pov 
Thirdly, by tenders being entirely dispensed with as oseleas, i 
reinuiierative, and costly. Fourthly, by the general a 
of the engine complete, by which it is enabled to pass round a 
curves down to a radiufl of one and a half chains witli the g 
facility, and the fi'iction due thereto is reduced to a 
Fifthly, by doing away with the necessity for turntables at tern 
and at locomotive dcpfita ; and Sixthly, by reducing the expend 
of the epairiug shops to a minimuni, together with the expeni 
arising &oni a want of a system of duphcates, as, by the plan 1 
proposes, the most complete system of duplicates can be carried on 

"If this now principle be found practically to embody all t' 
inventor claims for it — and reason is not at variance with £ 
able expectations — it will indeed successfully surmount the ob 
stacles which at present so impede railtray traction, and will ii 
itself constitute a great stride in the perfecting of the locomotif 
engine. The question has been taken up by several eminent ei 
gineers, and locomotives upon Mr. Fairlie's principle are in cour 
of construction. One railway company at least has adopted tl 
system. It may therefore not be long before opportunity is 
a£Eorded for judging how far practice will coincide with theory 
in respect of this invention." 

60. Tank Locomotives. — This subject was taken up and partly, 
considered in the article in preceding par. In an article in tlia 
"Engineer," under date April 14th, 1865, considerable spacft 
was devoted to a somewhat lengthy discussion of its beatingg. 
Of this we give the fullowing extracts, referring the reader to thxi 
article itself for the remaining portions. After pointing out t' 
losses incurred by the " tender " system on account of the repairs 
it involves, the writer proceeds : — "Nor is the question of repaiBB 
confined to the tender proper, the machine indirectly, but ver_ 
effectually, operates for evil by materially promoting the destniQ- 
tion of permanent way, especially about stations. Engines g 
over a good many miles yearly merely in shunting, an operataoii 
during which a tender is to all intents and purposes a uselea 
jflcumbranca "We have BW.d that it constitutes the heaviesi 
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! met vrith ia a train, if we except toyal saloone, and its 
fs of mischief are ppiportionately greaL There can, of 
a, be 00 gocMl reason adTanoed for hauling about a load of 
IT sixteen tons every time that an engine or a couple of 
7 oamages Tequiie to be moved over a few hundred yaida of 
But, unfortunately, it is eaaier to point out the evila of the 
e tender eystem than the means of abatement. Locomo- 
•e ntperintendeuts regard the matter very much in the light 
1 by their individoal temperament. One man accepts 
e tender as a necessity which the engineer of the line looks 
] as the result of a cruel fate, while another tries to make 
1 out of the grievance, and either ' goes in ' for extraordi- 
j runs, or fits cylinders beneath, the foot-plate and 
e the otherwise objectionable weight for adhesion. There 
1 a thing, however, as trying for too much, and now and 
a a driver, however 'careful, makes a mistake on these long 
I, and finds himself ten miles from the nearest water crane 
ti half an inch of water over the roof of his fire-box, and r 
^idei tank full of moist air. Frobably the longest run at pre- 
i adventured upon without refilling the tender is that from 
iston-sqaare to Eugby, and in slippery weather it is often found 
i to stop at Wolverton for water, rather than run the 
s of emptying the tender when yet far itom home. Mr. 
' "a system — 'the revivification of an old idea worked out 
J years ago — ia hardly more promising. The auxiliary 
r may servo a sufficiently good purpose in the case of goods 
ines, but it would be utterly out of place in an express train ; 
L any case we are disposed to heheve that the judicious use 
d will be found a less costly and quite as effectual a method 
' obtaining the amount of adhesion required to work up all the 
rwer which an ordinary boiler is capable of developing. 
" It may be, and often is, advanced, that it is hardly fair to 
1 tender of an express engine as representing the ha- 
il weight of such machines. This we will grant as being true 
^ a certain extent, but even when the quantity of water carried 
Is but 400 or 600 gallons, and of fuel but 7 cwt or 8 owt, the 
i tender still operates for evil, and not for good. These 
II tenders are notoriously heavier in proportion to the load 
ylbAa those of full size, and aatbe onV-jiogiUmate excuse 
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that can be brought forward for naing such a device at a 
the fact that water and fuel enough can be carried for totj lonjj 
runs, auch an argument simply cuts the ground &om beneath tWI 
feet of the advocates of the system instead of strengthening the 
cause. Beaides, heavy tenders are by no means confined to a 
press locomotives. Goods engines, although they travel at t 
slower speed, and make shorter runs than their brethren, neve 
theloss are so heavily loaded that they, perforce, evaporate raooliM 
water in accomplishing short distances. Xhe very faeavieat of 
tenders may be found forming a component portion of 
stock. In point of fact, the evil pervades almost every si 
of the railway system, and it is far better to look it stnught ii 
thn face than to endeavour to underrate its importance, or t 
gloss it over by sophistical argument. If it can be proved thi 
it is absolutely necessary to carry 1,000 or 1,200 gallons of wataf 
in the regular course of business there is an end of the matter ; 
but so long OS this question remains a question, its discussion ii 
advisable. 

" It is sufficiently obvious that there ia nothing to be hopes 
for in the way of reducing the quantity of water required for tl 
performance of a given duty. It is certain that very little stea 
is wasted in the modern locomotive, and that although it is ju 
possible that improvements may yet bo introduced by which a sti 
higher duty may be realised from each pound of water evaporate* 
tlian that now usual, the gain must still be so comparatively 
trifling that it cannot conduce to the suppression of the tendei 
In point of fact, then, the question ia exceedingly simple. ~ 
water must be carried, inasmuch eu it is impossible that tbi 
suction-pipe of the feed-pump or injector can dip continuously b 
neath the surface of the water contained in s. trough laid at the aidi 
of the line. It only remains to be determined exactly how little oi 
how much water must be carried ; and this, again, resolves itael 
into a question which can only be solved by determining the dia 
tance which can be suffered to intervene between the watering sta 
tions. On on average stations are less than ten miles apart, and ai 
250gallona,or thereabouts, will more than suffice foramuchlongai 
run, it follows that, provided the working conditions of the ti^Si 
permitted the train to stop at each station, no dif&colty whatevei 
would be experienced in diapenaing witU tta tendac, and canjl 
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ijig the limited quantity of wiiter requireii on the engine. Such 
a condition, however, can only be imperfectly fulfilled. In the 
case of parliamentary trains stopping at every station, tank en- 
gines would answei every purpose, and on aome lines the princi- 
ple has been carried out with advantage. But nominally it is 
not easy to set aside a number of engines for one class of work, 
and no other. Much greater distances are traveraed without a 
stop than the water cameJ. in a tank of practicable dimensions 
forming part of the engine would suffice for ; and, therefore, 
either the tender must be used, or recourse must be had to some 
systeni by which water can be picked up while the train is run- 
ning. Id this principle apparently, the solution of the problem 
must be sought, and Mr. Eamsbottom's labours have already been 
attended with so much aucceas that we are disposed to believe 
that by the extended adoption of the water trough, tank engines 
may be rendered capable of performing the longest runs ever re- 
quired with all the ease and certainty desirable." 

After pointing out the desirability of carrying out Mr. Earns, 
bottom's plan, and considering the difficulties attendant upon its 
adoption in certain distances and how they can be overcome, the 
writer proceeds to the character of the engines : — " Esthetically 
speaking," he says, "a tank engicfi is seldom handsome. The 
machine requires skilful artistic treatment to compensate for the 
\ absence of the tender. As Sr as mere beauty of outline is con- 
l cwned, however, the taste of the engineers will be offended by 
an ontside cylinder engine, with a rather long foot-plate, and the 
tank disposed beneath it and the barrel of the boiler. Tliere is 
a practical objection, however, to this arrangement, in the fact 
that the water has to rise to the feed pumps or the injector. The 
feed pumps of locomotives commonly give hut little trouble, 
catching hold readily when required, simply heeauae the water in 
the tender flows directly into their barrels by its own gravity. 
Every leak in the suction {?) pipe is a water, not an air leak ; and 
even when the engine is at rest, by opening tlie pet cock, water 
can be caiaod to flow directly through th^nfl^J^^^'^J^^Img the 
air. Under such conditions the pmnM^f^uU feed water at 213 
deg, ; and they frequently do it, toa^^ jjft of ^van a couple of 
feet, however, from a tank belomj^g^ead of above the foot-plate, 
alters the state of affairs niataJliftUy, and thus the feed apijaratufl 
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^1 uf Buch engines often gives a, great deal of trouble. It is un- 
^H doubtedly better, in a mechanical point of view, to arrange tha 
^^ taulcB on eitber side of the engine above the £rames, and, Dndet 
^H proper treatment, a very good result, artieticall; speaking, maj 
^H be so produced. While aueh a system is available, it is not 
^H easy to see on what grounds the use of the saddle tank can ba 
^V excused. It is of all others the ugliest arrangement which can 
^^ be adopted, at the same time that it is in several ways the moeti 
inconvenient and vnmochanicaL Whatever system may be dft- 
cided upon, it is almost. needless to say that it must be one to< 
which the scoop is apphcable ; a condition, by the way, -whioh' 
L fortunately precluiles the use of the saddle tank In skilAil' 
H hands, we see little reason to doubt that in the development ofi 
W Mr. Eamsbottom's system will yet be found a means of super- 
seding the tender, by engines carrying somewhere about a, tuQj 
more than would otherwise bo necessary, in the shape of tanks 
and coal bunkers. The advantages likely to ensue are toa 
apparent to require further comment at our hands just now." 

This paper was followed by one, under date May 12, 1865, 
with an acticle, of which we give an abstract in nest paragraph, 
This article gave rise to a very lively and unusually protracted 
discussion in the pages of the " Engineer," to which we retafl 
the reader interested in the subject. 

61. On Condensing Locomotive Engineg. (By Zerah Colborn, 
Memb. Inst. C.E.)— After pointing out thal^ although loco^ 
motives are worked at nearly three times the boiler pressure used 
thirty years ago, still the average cylinder pressure is not non 
nmch greater than it was then ; say, on an average, 40 Iba, apofl 
the square inch of piston. Tliis arises from a variety of causefij 
and of this, the loss from total back pressure amounts to mOTfl 
than one-fourth of all the steam generated. " That is, from 15 ta 
18 lbs. of the total pressure upon the pistons is absolutely losl^ 
in addition to whatever steam may be in the cylinder, in excess 
of the bock pressure, at the moment when the exhaust port 
begins to open. It is, virtually, this excess of pressure abova 
the back pressure, whieh gives force to the steara blast, Thu^ 
steam of 40 lbs. above the atmosphere escapes into the air with 
a velocity of more than 1,650 ft. per second, and steam of evea 
10 Iba. jjressure has an efflaent -vebQit^ q? biqw ttia.ii l,200fl 
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r second. After the ateam has fallen to the mininiuni buck 

!, the motion, o£ the pistons still forces out what is left 

hth considerable velocity. Thus, with two 16 in. pistons, 

lOving with an average velocity of 900 ft. per minute, the 

waste steam pumped out by them, after the evacuation by 

exhauetiDg, would pass through a 4 in. blast-pipe with a velocity 

I o f 480 fl. per second ; and this rush of waste steam must assist 

^Ki keeping up the draught, although its effect is altogether in- 

^^brior to that of the steam exhausted by its own elasticity. If 

^^Hte steam thus pumped up the chimney were condensed, at 

^^Bie moment when the exhaust steam had fallen to the ordinary 

^^Btnit of back pressure, thus leaviug the draught to be maintained 

^H^ the voluntaiy exhaust alone, a direct removal of say 13 lb. 

^^per Bquare inch from the load upon the pistons would result ; a 

I diminution which, with 16 in. cylinders, 23 in. stroke, and 6 ft. 

wheels, would correspond to an additional tractive force of 939 

lb., sufficient for the draught of nearly 40 tons over a good level 

e at a speed of 40 miles per hour, Or, if this increase of 

r was not desired, the steam might be worked more ex- 

naively, or ut a lower pressure, or in smaller cylinders ; and, in 

i, a saving in the total quantity of steam required would 

e effected, a saving equal to the amount of steam usefully con- 

densed. The plan of throwing the exhaust steam into the air 

until it has fallen to the pressure of the atmosphere, and then 

condensing the remainder, has been often proposed, but not in 

connection with locomotive engines, wliere the advantage imm 

Buch a practice would be greatest. Such a system of partial 

I oondensation is described io an old patent, So. 6,857, and in a 

■Alter one, Ko. 13,783, and it is iigured in Dr. Alban's work on 

^^Be higb-presaure engine. The object, in at least one of these 

^^KseB, appears to have been the saving of condensing water, 

■Briiicli would be of great importance on a locomotive engine, 

' while the exhaust of the steam, down to atmospheric pressure, 

in the ordinary manner up the chimney, would still provide for 

the draught. If the draught were found to be weakened from 

the loss of the back pressure steam, now pumped up the chimney, 

it is probable that the loss would be more than compensated by 

employing an annular blast-pipe, say 8 in. in external, and 7 in. 

I in SateamJ, dmneter of the oriiice ; thua HBBsVj t^aa&ra^ ' 
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surfece of action of the eteaui upon tlie waste g 
smoks'box, as compared with a >! in. blast-pipe, 
steam is employed as a 'blower' in the chimney, its effect i^ 
known to he greatly increased, in proportiiin to tlie quantity 
used, by discharging it in a number of small Jets,^the real m' 
vantage of which ia their comparatively extended surface I 
action; and the same effect Bhouid result by discharging tt 
same quantity of eteam in a thin sheet or ring, having the san 
total surface. By making the blast-pipe orifice annular, the ii 
ductive or exhausting effect of the steam would be increased h^ 
the extension of the surface of action ; while, with the ean% 
ti)tal area of opening, the back pressure would not be increaseil 
Tlie tube forming the inner circle of the blast orifice should 1 ' 
open at the bottom, ao that a portion of the hot gases could t 
drawn directly through it, and carried up the chimney an 
rounded with waste steam. This tube should he easily n 
movable, so as to permit of clearing out the hard carbonaceos 
scale which often forma in blast-pipes. Fragments of this 8cal{ 
handed to me by Mr. Maw of the Great Eastern Eailway, u 
1^ in. thick. Whether it be whoUy a cuncretion from t^ 
tallow supplied to the cylinders {for it is freely combustible), t 
whether it ia partly formed of soot precipitated in the blast-pip 
when the engine is standing with a newly-made fire, it is no 
easy to determine. 

" If the steam were condensed iii a locomotive engioe down fe 
a pressure of 1 lb. above a vacuum, or to a temperature ol^ sq 
100 degrees, something of the advantage thus derived would li 
loat by the cooUug of the cylinder, or at least its inner surfaoi 
to that temperature. But, at considerable piston speeds, thf 
condensation, so far as it can be estimated from that in tl 
cylinders of fixed engines working under like circnrastanoe 
would not be great, nor would it greatly deduct from the at 
vantage by coniiensation. 

"With 16 in. cylinders, 2 ft. stroke, and 6^ ft, wheels, tl 
quontity of steam ot, say shghtly more than atmospheric presani 
to be condensed, would be about 1,560 cubic feet per mile, I 
corresponding volume of water being, say one cubic foot. 1 
condense this amount of steam to a temperature of 100 d^ 
would require 22^ ou^io teet, qt Wft 'gffiima o? wmdcnaii 
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fwiler at 50 dogreea. Taking the oonaumption of water for 
I (tiporaticm as 30 gallooH per mile, tliat i«quired for condenaa- 
I twn would exceed it nearly 74 tiraoa. The feed water would, of 
3, be taken from the hot condensing water." 
i writer then proceeds to show a modification of Rams- 
f picking np water, which might be adopted for the 
r of the condonaing water, and proceeds thna : — " At a 
d above 1 1 miles an hour, the advancing motion of the train 
vnuld raise water &om the trough to a height of 4 ft., and thia 
would be sufficient for the purposes of the oondenaer, air-pump. 
The water would be raised into a small tank of, 
_ dlona capacity, under the boiler or footplate. Thence 
1 be taken directly into the condenser, and from the hot 
1 the requisite quantity of feed-water would be forced, either 
f a pump or by the injector, directly into the boiler. The tank 
would, as a rule, be kept full and running to waato, although 
thia would be capable of easy regulation, the waste water flowing 
" iick again into the trough. "With nearly a ton of water always 
t command, any incidental loss in stopping, or in running over 
B of the line where the trough was up, would be com- 

" The coal would be carried in small bunkers upon or near the 
otplate, and thus the tender, as a separate carriage, woukl be 
iepensed with wholly. The weight of a small tank of con- 
g water, of a supply of coal, a condenser, air-pump, and 
roll, would not, altogether, much exceed the diminution of 
ight which would result from the additional disposable power 
tained by condensation. In other words, with an engine in. 
which one-fourth or more of the whole power now pumped up 
the chimney was saved, a smaller and Lighter boiler would be 
reqoired to generate the steam for a given power, and the saving 
in weight thus effected would nearly or quite compensate for the 
extra weight of the condenotng apparatus, and even for the con- 
deiffiing water and coal earned. The weight of the tender, 
tiierefore, would be wholly saved, -say from 8 to 12 tons empty, 
besides an average load of from 3 to 6 tons of coal and water, 
the * average load' being always one-half the weight of coal and 
water on starting full on a Journey. . , , . 

" Care would, of course, be required to kee'p &» ^aiwsi NlW 
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clean, and to prevent its freezing in winter. Iq a. high uoitheni 
climate, ^th deep snows and severe finsts, it could not bt 
adopted in the manner deacribed. The engines could be equally 
worked without condeneation, and the line would eqiiaUy permit 
of working the engines with tenders, whatever proviaiona might 
be made for dispensing with the latter. The engines would 
have a pump, whereby they might raise water from the trou^ 
when standing. 

" It should have been observed at an earlier Btt^e in the pre- 
sent article, that a single slide valve, with the passage employed, 
in Haswell'a valve, and covering separate exhaust ports to th^ 
blast-pipe and condenser, will effect the required disposal of th« 
waste steam, sending part of it up the chimney, and the restf 
into the condenser. 

" It will be remembered that, but a very few years ago, it 
would have been thought impracticable to supply locomotivs 
tenders with water from lixed troughs while the train was in ra- 
pid motion. The idea had been often broached, and it had beett 
made the subject of an early American patent. It was reserved 
for Mr. Bamshottom to mature the plan to an extent admitting 
of its adoption in working the traffic of the greatest line of rail* 
way in the world. There was much — very much — to be worked 
out in the light of experience, and, unquestionably, in the presMit 
proposition, as, indeed, with almost everything new, there would 
be much to be fixed from the results of practical trial But H 
water can be kept always clean and liquid in troughs a quarter c^ 
a mile long, why can it not ia troughs over an entire line) Arn f 
if a scoop will take it up properly from one short trough, wb]^ 
will it not take up a very much smaller quantity from each ons 
of a continuous series of short troughs 1 So far as the meehani* 
cal details are concerned, they are all practicable, and are, indeed, 
aheady matured, almost as far as they well can be without trial! 
on the large scale. When really, if ever, brought into use, tbs 
whole system must be worked out by locomotive superintendenta 
themselves, who should he able to do aa much without the instigft< 
tioa of patentees. Whether the details already suggested should ot 
should not be found preferable, it is as demonstrable as anything a 
tlie mathematics of railways can be, that to save the whole coalj 
— -"-»■+ iaulage^ and repaiia oittw\)MiiiM.'«wii'\»Viw~" 
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■Doaiilera'ble cost of working. A tender must be made not only 
'a take, OQ startup, twice its avenige load over % given distnnce 
—a condition but sddom imposed upon any other class of rolling 
^Btock — but it haa also to serve sis a distance piece between the 
engine and train, and to withstand, therefore, all the shocke ^m 
sudden starts and etopa. Hence ita great necessary strength and 
weight, and the cost of working it 

" It is true that the aysteni now proposed, bo far at least as the 
mlinuons water-supply is concerned, does not necessarily involve 
irith it the system of condeniaation. But if a continuous supply 
'f water can be bad, there is nothing to prevent, and everything 
I favour ot^ the condenser and air-pump. In a goods engine. 
Kith 18 in. cylinders, 2 ft. stroke, and 5 ft. wheels, a vacuum of 
BS lb. corresponds to 1,555 lb, of additional tractive force, equal 
t the draught of 100 Ums at ordinary speeds on a level. It 
ight be urged that a goods engine would often run at too slow 
L tate to raise water into a tank by inertia (for it is inertia alone 
diich causes Mr. Bamsbottom's scoop to act). The speed would 
ive to be very slow at which the ecoop would not act, however 
s than 13 miles per hour for low lifts. In standing over a 
h the engine could always draw from it, and in working a 
speed of more than 1 2 miles per hour should be accumulated be- 
fore a tank of 200 gallons was emptied. An engine that was 
nearly helpless with its luad, being barely able to crawl, would, 
^BO doubt, be compelled to stop often for water, but such an en- 
^■j^ne would have no right upon a main line of railway. 
^B " The resistance opposed by a sharp scoop receiving a column 
^Btf water of even 3 square inches of section would be almost in- 
ragniiicant, even at high speeds. 

" Instead of a feed pump the tank of 200 gallons might be 

a drum, or, at any rate, well stayed, and a vacuum quickly 

a it, when it would, upon making the proper connec- 

ms, almost instantly fill itself fi-om a trough beneath it. 

, " The whole system, baaed, as it would be, upon the success 

ined by Mr. Eamsbottom, will, no doubt, yet receive the at- 

mtioa of railivay engineers, who, by perfecting and adopting it, 

will assuredly contribute in no small degree to the mure eoono- 

tnical working of railways." 

^^ €S. ta» Me J>utribtUion of WeiQkt on the Ades of Lo«n««^i»w. 
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— From a paper read by Mr. John Eobinaon. of Mancheetet, bo- 
fure the Mecbanioai JEngineera' Society, we take the following 
Bxtracta i — " AmoDgat the eausee affecting the steadiness of loco- 
motive engines ia motion, and thereby also the general eteadineaa 
of trains on railways, the distribution of weight upon the v 
asles, it is believed, has not received the amount of consideration 
the subject deserves. There are numerous circumstances which. 
must Beceasarily be ta&en into consideration fur determining the 
position of the axles of an engine relatively to ita general mass. 
The moat important object is to obtain sufGcient weight apon. 
the driving wheels, whether single or coupled, for giving the 
amount of adiiesion necessary to draw the load and ascend the 
gradients for which the engine is to be adapted ; and another 
consideration of great importance in fixing the position of the 
Bxtes is the number and sharpness of the curves on the road along 
which the engine has to pass. These two conditions naturally 
iuftuenCB the distance between the several axles of the engine, 

I especially the extreme ones, the distance between which ia called 
the ' wheel base.' 
"These two main conditions, of the weight on the driving 
wheels and the nature of the curves on the line, being fixed, the 
question arises how best to distribute the weight of the engina 
on its asles. Locomotives in general may be divided for the 
present purpose into fifteen classes, each of which presents differ- 
ent obstacles to obtaining a proper distribution of weight upon 
the axles. The figures indicating the weights at the several 
axles are taken with an ordinary working quantity of water and 
fuel in the boiler and fire-box, and in the tank engines, with the 
tanks fully loaded." 

After describing the four-wheeled engines usually employed for 
mineral traffic, the writer proceeds to the class of engine employed 
for passenger traffic. This has " sijc wheels all uncoupled, the 
middle or driving axle being placed under the cylindiical part 
of the boiler, in front of the fire-box, the leading axle behind the 
cylinJers, and the hind asLo behind the fire-box. In arranging. 
an engine of this description, it is usually sought to have tli» 
greatest weight upon the middle axle, then a less weight upon.. 
the leading, and a still less weight upon the hind axle; but to: 
' isre these WBighis not so diBpiopoiAv)i;ifi.te oa ^^^'I■ S.^ ^dsI^^ia u 



f 



► 



Stk^ Edooifis.] DlSTRlBCnON OP WEIGHT, 219 

poasible to vary the weight npoa the middle axle, within a mo- 
derate range, hy a coireBponding adjnstment of that upon the 
leadijjg axle. In this respect the inside-cylinder arrangement- 
presents an advantage over that with outside cylinders ^ since- 
tiie leading axles in inside-cylinder engines can be placed much 
nearer to the smoke-hox, and the weight upon it thereby dimin- 
ished, on account of the cylinders not interfering with the leading 
wheels, as in outside-cylinder engines. The connecting-rod also 
is then capable of being made longer, in consequence of the in- 
creased distance from the smoke-hox at which the middle axle 
may be placed without throwing too much weight upon the lead- 
ing axle, which, in engines with short boilers, is often a matter 
of considerable importance. It may be remarked, that the ar- 
rangement of uncoapled engines with all the axles under the cy- 
lindrical part of the boiler is now almost discarded, at least in 
this country; since they are found to be so unsteady, in conse- 
quence of the overhanging weight of the fire-box, that high 
speeds cannot be safely accomplished with them. 

" In an example of inaide-cylinder pasBenger engine, having 
cylinders 16 in. diameter hy 20 in. stroke, middle wheels S ft. 
C in. diameter, and leading and hind wheels 3 ft. 6 in, diameter, 
the total weight, being 2606 tons, was distributed as follows: — 
leading axle, 8'16 tons; middle axle, lO'lO tons; hind axle, 
4'80 tons; total adhesion weight, lO'lO, the weight required for 
adhesjon being 14'48 tons. 

" The construction of uncoupled engines with tanks is not of 
Tery frequent occurrence. As, however, many such engines were 
made formerly, the distribution of one is given, with the tank 
placed under tlie footplate behind the fire-box : inside cylinders, 
15 in. diameter hy 20 in. stroke, middle wheels 5 ft. 6 in. dia- 
meter, leading and hind wheels 3 ft^ 6 in. diameter. The distri- 
bution was : — leading axle, 735 tons; miildle axle, lO'SS tons; 
hind axle, 6'95 tons; total adhesion weight, 10-26 tons — the 
Treight required for adhesion being 14i8 tons. The placing of 
s tank under the cylindrical portiua of the boiler in aa outside 
cylinder uncoupled engine simply tends to increase the weight 
upon the leading axle, already too heavily loaded, and has not 
been extensively adopted within the range of the writer's ohser- 
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*' Daring the past few years there haa existed in thi 
a growiDg tendeiicy to adopt engines with four coupled wheels' 
for the pasaenger trains on the great trunk lines, and for the' 
mixed trains on shorter and branch railways. In the format 
case, in consequeuce of the great nuoiher of passenger cairiagea 
required in manj of the trains ; and in the latter, owing to the 
desirabiUty of having engines of sufficient power to work trains 
composed partly of passengers and partly of goods. In most 
cases such engines have been built with small leading wheels, 
aad with the middle and hiod wheels coupled, under the impres- 
sion that it is safer to run at high speeds with wheels of small 
diameter in iiont than if their size was such as is usually em- 
ployed when coupled for driving. In regard to the heat distri- 
bution of weight upon the axles of such engines, it is evident' 
that the difficulty is, whether, in the case of inside or outside cy- 
linder engines, to get a fair proportion of weight upon the hind' 
wheels, so as to justify their being coupled to the middle wheels, 
aasaniing the position of the bind axle to be behind the fire-box. 
And to show that this question is not easy of solution, the 
lowing instances are given of the distribntioii of weight upon tha 
axles of such engines. 

"Coupled paaaeuger engine with outside cylinders, 16 in. diame- 
ter by 33 in. stroke, middle and hind wheels coupled 5 ft. 7 in. 
diameter, leading wheals 3 ft. 7 in. diameter — total weight 31" 
tons; of which the distribution is: — leading axle, lO'SO tons; 
middle axle, 11'85 tons; hind axle, 8'95 tons; total adhesion 
weight, 20"80 tons — the weight required for adhesion being 
17'83 tons. In this engine a heavy cast-iron block v/aa added, 
forming the foot-plate in order to obtain the above distributioa 
of the weight. 

" When it is desired, as is not unfrequently the case, to con- 
struct such engines for carrying their own supply of fuel and wa- 
ter, it is easy so to arrange the position of the tanks as to get an 
excellent distribution of weight upon the wheels ; and if the tanks 
he conveniently placed on the side frames, pretty equally 
the coupled axles, the loading and unloading of the coupleii 
■wheels, in moderately eqnal proportions, is secured, when tha 
tanks are lirst filled, and afterwards gradually emptied, by the 
Bapply to the buihm; whereas, -wKan. t'h.e \ssit \a ■ij\ber&. 
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Ha fijot-plftte, the hind axle bos a much larger proportion of the 
B weight of the engine to carry when the tank is full than 
wbm it is empty. The weights obtained in an engine of thia 
' SB, with cylindera 15 in. diameter by 20 in. stroke, middle and 
id wheels 5 fL in. diameter, leading wheeU, 3 tl. 6 in. diame- 
V, have been: — leading asle, 8'50 tone; middle astu, 10'13 
Db; hind axle, 951 tons; total adhesion weight, 19'64 tona — 
u weight required for adhesion being 15'94 tons. 
"One of the most generally useful classes of engine fur the 
n purposes of railways is the six-wheeled engine, having 
t fijUT fiont wheels coupled, aiace it can be used for ordinary 
ia trains, or for heavy passenger trains when not run at too 
it a speed. The advanljige of such an arrangement of engine, 
made with inside cyhnders, is tJiat nearly the whole weight of 
I engine may be conveniently distributed upon tho four coupled 
keels, leaving but a small proportion for the hind wheels, which, 
thia case, do little more than serve to avoid the disadvantogea 
an overhanging tire-box. The following is a good example of 
iribution of weight on the axles of an engine of this class, with 
') cylinders 16 in. diameter by 22 in. atroke, leading and 
ddle wheels 5 ft. in. diameter, hind wheels 3 ft. 6 in. diame- 
— leading axle, 9'77 tons; middle axle, 10-27 tona; bind 
I, 4'43tons; total adhesion weight, 20'04 tona — the weight 

[UiTed for adhesion being I9'91 tons. 

"Engines of thia class are sometimes required to carry their 
I supply of water and fuel; in which case it seems most de- 
tble to plaoe the water tank on the top of the boiler, so as to in- 
e the load proportionately on the coupled wheels, and let the 
d wheels carry the increased weight involved in the fuel boxes 
1 fueL The distribution of weight in a 'saddle' tank engine, 
g inside cylinders 14 in. diameter, by 20 in. stroke, leading 
1 middle wheels 4 ft. 9 in, diameter, is: — leading axle, 9'60 
a; middle axle, 11'24 tons; hind axle, 5'07 tons; total ad- 
a weight, 2084 tona — the weight required for adhesion be- 
1 4'59 tuns. Should it be desired to add tanks to engines of 
I class with outside cylinders, it is clear that a certain amount 
BUperfluotts weight upon the leading wheels might be 
_intarbalBnced by placing the tank under the foot-plate; hut 
idiaadrantaga would still continue o£ dispio^oAASJUaiA'jVA^sii 
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^r axles, aeoording as there was a. greater or leas quantity of v 
H in the tank. 
H " The next class of engines to be referred to is that used for 

H heavy goods traffic with all six wheels coupled. Such engine*^: 
I constructed with inside cylinders, are very common, though B 
I good distribution of weight upon their axles i 
H the hiud axle, when placed behind the fire-box, has naturally but 
H ' a comparatively very small proportion of the weight of tbe engin» 
H to carry ; and if, in order to obviate this disadvantage, it is sought 
B' to move the middle axle nearer to the cylinders, the due length of 
^^ the connecting rod is sacrificed unless IJie length of the boiler b&' 
^^ increafied, giving a corresponding increase in the wheel base of tho: 
^H engine; which, in railways having sharp curves, is by no meansi 
^P desirable, especially in an engine having all the wheels coupled.. 
^ A favourable distribution of weight in sn engine of this kmd 

with inside cylinders, 1 6 in. diameter by 2 4 in. stroke, and wheeta J\ 
6 ft. li in. diameter, is: — leading axle, 10"60 tons; middle axle, ] 
lO'dO tons; hind axle, 7'3d tons: total adhesion of weight, 

t28'75 tons — the weight required for adhesion being 31'18 tona^ 
and the wheel base 16 ft. 3 in. 
" As a mean between the extremes of the last two example^ 
stands the six-wheeled goods engine, with long fire-bos, bavingi 
the grate sloping upwards from front to back. In this case tba 
wheel base ia shortened, and the weight on the hind axle, which, 
is placed under the ashpan, is increased, as compared with engines 
having the hind coupled axle behind tbe fire-box. The distribiK 
tion of weight in such an engine, with inside cylinders 1 7 in. dift^ 
meter by 24 in. stroke, and wheels 5 ft. diameter, has been:— - 
leading axle, 10'64 tons; middle axle, 11'57 tons; hind axle, 
9'73 tons: total adhesion weight, 31'94 tons — the weight re- 
qaired for adhesion being 24'63 tons, and the wheel base 15 ft 
6 inches. 

" With regard to the general principles of distribution of weight 
upon the axles of six<wheeled locomotive engines, it seems to b^ 
the common opinion that the middle axle, to which the power iff 
first applied from the cylinders, should carry the greatest weight 
and next to this the leading axle, thus leaving tbe lightest load 
to be borne by the hind axle j this arrangement being though! 
desirable^ with a view to keep ^Jan iioat Qd\ui oo^jie heavier o| 
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on the raila than the hind end, and so secure it from risk of 
jumping offi The writer would, however, euggeat whether euch 
a necessity ior placiag a greater load on the leading than on the 
hind axle leally exists ; since it seems unlikely that any engine, 
with a reasonable weight upon the leading axle, and consequently 
with a reasonahly strong epting for keeping the wheels down on 
the road in the event of blows being received, could ever leave the 
line merely because the hind axle carried a greater amount of weight 
than the leading axle. It should further be lemombered, that 
in all cases where the hind wheels of an engine are conpled, and 
the leading wheek sot so, an arrangement which is becoming 
more and more frequent, it is absolutely deairahle, in order to 
obtain the maximum adhesion, that the hind coupled wheels 
should carry a weight nearly equal to that upon the middle 
wheels, and consequently greater than that usually placed upon 
the leading wheels. In this respect there is a disadvantage in 
the employment of engines with outside cylinders, because of the 
greater weight of the front part of the engine in that arrangement, 
and the consequent loss of a laiger proportion of the total weight 
for adhesion. This objection apphes only to outside cylinder 
engines having their leading wheels uncoupled ; but, on the other 
hand, to conple the leading wheels of such engines involves con- 
siderable complications and difdcnlties. 

" Another point of interest connected with the distribution of 
the weight is the effect produced upou the stabiHty of a locomo- 
tive by the difference between the portion of weight carried upon 
each spring and the total weight carried by the rail at each 
■wheel; in all the preceding examples of distribution that have 
been given, the weights stated are those upon the rails at each 
axle. In engioeB with inside cylinders this difference is often 
very considerable, and must exercise a great influence on the ten- 
dency to rise and fall on the springs ; and often when, in taking 
account of the weight upon the rails only, the front pair of wheels 
ia found to press upon the rails with a less weight than the hind 
wheels — the tact is lost sight of that the weight upon the lead- 
ing eptings is greater than upon the hind pair, and the tendency 
to leave the road is consequently diminished in front. This 
arises from the circumstance that, in the case of the middle and 
bind conpled wheei^ the weight o£ tbe poi^ u^ cssn»i\s) tiha 
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springa — namely, the wheels, axlesij axle-boxes, springs, and g 

_ — ia greatly in excess as compaxed witli the weight of tlu 
corresponding parte not carried by the front apriuga." 

BEOTION THIRD. HABINI: BNOltfKH. 

63. On Marine Engines, from 1851 to the Present Time.— 
The principal feature of the year, so fiu as r^;ards papers i 

~ ire QUI scieatiiic aocieties on the subject of the present Divi 
BioE ia concerned, was that under the aTjove title, by Mr. If. P, 
Buigh, before the Society of Arts. From the great length c 
this exhaustive paper, it is impoaaible to find apace for it with! 
the necessarily narrow hmita of our volume. "We can, therefon 
only refer the reader to periodicals, as, for instance, the " Civi 
Engineer and Architects' Journal," where it waa reported in t 
teitso, and give here and there an extract of Bome of its mc 
interesting departments. Mr. N, P. Burgh, after comparing t 
marine engines exhibited at the Great Eshibition of 1851 wi- 
those in 1862, proceeds, for those readers who are not pTof«« 
eional engineers, or who may not be connected practically witt 
this department, to specify the necessary component parts of i 
pair of marine engines of the present day. These, he aay^ 
" consist of cylinders, pistons, shde valves, piston roda, slid 
casings, expansion valves, blow-through valves, piston rod guideq 
connecting rods, cross heads, main frames, crank shaft, eceentria 
rods, links, valve rods, guides, condensers, air-pumps and valvee 
injection valves, shifting valves, discharge valves, bilge and fea 
pumps, valves for the same, starting gear and turning gear, lubri 
cators, and all the necessary levers, bolts, nuts, &c. It will thoB 
be seen that marine engineers have more diilicultiea to contend 
with than is generally known. To understand the use and d 
character of each of the above details ia not the work of weeta 
or months, but years. It should not be forgotten either, that tin 
honour of our nation, and the hves of its representativeE^ i 
often in the hands of the marine engineer. I will now procee< 
with the descriptive illustration of details, showing defects, i 
provements, and suggestions for the future, commencing wi 
slide valves. 

Iheae valves goveta the entx^ ChW^ es^-osik «:& ^^ Bfaoain. i 
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from the cylinders. Two kinds or classes of valves are now 

rersally used, tha common and the equilibrium ; the former 

D well known that a description of it ia scarcely necessary. I 

I only observe that its use for larger engines is much on the 

t, on account of the stroke of the valve being due to its 

aide ]ap, which for large ports is considerable. Equilibrium 

IS are so called from the equal action of the steam tending 

t the valve Irom, as well as to press it on its facing. These 

IS ate douhle-pori;ed to reduce the stroke. One firm has 

ily introduced three-potted valves, to still further reduce the 

In order to teduce the friction of the valves on the 

(ngs, lings are used encitcling the body of the valve, adjust- 

Dt being gained by screws, ratchets, and springs to pteveut 

~n eome cases, a communication &om the back of the 

Ve to the condenser is arranged, to still further reduce the 

nure on the valve facing. Slide rods are iisually one to each 

»e, but, latterly, two have been introduced for lai^e valves, 

ich, no doubt, greatly assist in guiding the valve during its 

The next portion in rotation will he that for working, revera- 
and stopping the action of the shde valve, universally known 
ilie ' valve-link motion.' . , . The object of the link motion is to 
reverse the action of the ahde valve without disconnection. The 
links now in use are of two kinds, slotted and solid. The slotted 
link has the shding bbck within it, whereas that of the sohd 
slides vithin the block. The means adopted for raising 
lowering the link are various. One maker prefers to use a 
i on a weigh-shaft, jjasaing over the front part of the 
iders, motion being given by a worm and wheel, the former 
keyed on, or forming part of the starting wheel shaft 
.er firm deems it better to impart motion to the lever by 
ihet and pinions. A third authority raises and lowers the 
by a rod connected to a hiock enrrounding a coarsely-pitched 
motion being given to the sciew hy mitre gearing ; whilst 
ler firm prefers to fix the block, with the screw to be 
~ and lowered. These two last are undoubtedly the moat 
rerful of the examples given. 

The systems at present adopted for (guiding Uie slide valve 
A/a of three kinda. Firat^ the doT%-tBJl6^ £10^ ^om^AX Vi 
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^g aso 

^1 that used by tool-makers for the arm of a shaping macbinai 

^B Secondly, a block of gun metal sliding on two fixed turned rod 

^m as guides over and under the valve rod. Thirdly, tho valve roc 

^f eectircd to a square bar, working in a brocketj anil cap to com 

apoud. This last may be said to be the most simple, but pei^iapl 

not 80 rigid as the first example. The double guides are con* 

plicated, hut at the same time produce the rigid resistance U 

»the strains imposed on the valve rod by the vibration, of tlw 
link. 
Some makers of marine engines prefer to allow the b'nV to rest 
or hang on the block pin, inserted in the lever of the slide rod 
weigh-shaft Such a practice dispenses with guides. ExcesBtva 
vibration of the link on or in its block greatly deteriorates th^ 
action of the valve, it being understood that, whilst the link ba| 
an ascending or descending motion, as well as sUding, the straifl 
uQ the valve rod ia increased, and, at the same time, the strokd 
is affected. The excess of the vibratory motion is ^lainfuUy per- 
oeptihlo in the ordinary slotted link j the eccentric rods being 
connected beyond the block pin, a direct action cannot ensuR 
The distance between the centres of the eccentric rods and blodj 
regulates the amount of indirect action. Links of this kind aif 
often hung from a rod connected in the centre to the linTr^ eithei 
to the clip or at the back. This ia far better than at the lowel 
end, as the connection of the suapenaion rod regulates the ascend- 
ing and descending motion of the link whilst at work. The link 
resting on the block, when for going ahead, obviates to a oertMa 
extent aome of the evils alluded to. The gain by the introduft 
tton of the sohd link, with the eccentric rods connected at iti 
extieniities, is strength with leas mat«ria!, but the vibratinj 
motion is not decreased. In order to obtain a more direct, and 
if possible, a perfect action, the eccentric rods have been secured 
to the link, so that the centre of connection may be oa that o; 
the block, and by this the vibratory motion is effectually go^ 

" It now becomes necessary to treat of the suspension or liflin| 

rods for solid Hnks ; for this a few words will sufiica As tb 

ascent and descent of the link whilst in motion are governed 1^ 

the length and position of the rod, it is almost needless to atat 

' ilZiaf tiie suspension rod sh.ouid'bQ coKii%rA^'i:ci'Oa& cKciiMQt tit 
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Bnectioa of the eccentric rod. The link, when for going ahead, 
Suld be down. It may now be aigued that the vibration of 
link, when for going astern, must be exceasivc. Granted, 
; as the forwaid motion of the ehip is of the most importance, 
1 not unfavourable to economy to adopt the coonection alluded 
ne cases the solid link ia guided at the top or bottom, 
nt this is only required when an overhanging or outside con- 
ction of the eccentric rods is resorted to. ,, 

' The nest portion for consideration is the expansion vnlve 
I gear. The nse of thia valve ia to allow the steam to be cut 
■ at the early or given part of the stroke of the piaton, and the 
expansion or elasticity of the eteam completes the power required. 
Now it is certain the use of high-presaure steam for large cylinders 
and short strokes produces excessive shocks at the commence- 
ment of the strokes, and thereby entails an increase of strength 
in the materials used, so that the proportions are larger than for 
ordinary purposes. It is clear also tlukt, when steam ia admitted 
at an excessive pressure against the piston suddenly, it (the 
piston) reoeivea an impetus equivalent to the power imposed ; 
and in no case whatever could an engine of proportiona for low- 
pressure resist the etrains imposed by the use of high-preasure 
steam. The ordinary pressure adopted by marine engineers is 
from 20 to 30 lb. per square inch, more often the former than 
the latter. I am not aware, however, of any cause why 60 to 
80 lb. should not be adopted, with a great increase of economy 
power. Of courae the present proportions of engines and 
I would have to be increased if the same materiola were 
J but steel boilers, shafts, and rods, might be introduced with 
dderable advantage, embracing great strength with leas weight. 
' Having alluded to the ordinary pressures at present used, it 
be well now to advert to the expansion valves. These valines 
I of three kinds, throttle, shde, and tubular. 
" The motions imparted to the throttle valve are oscillating 
and revolving, the latter is now most generally adopted, but with 
this disadvantage, that the action is equal both for supplying and 
cutting off. 

" The slide valves are of the ordinary and gridiron type, the 
latter may be said to he the better, on account of the stroke 
i/eh^ff so abort in eompuFiaon to that oj tli9 foHoet,., 
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" Tubular valves are tubes inaerted in eaob other, 
to correspond, a sliding or rotary motion accomplifihing titftfl 
desired effect. The motions imparted to these several valves a 
generally uniform, either by mitre gearing or eccentrics, i 
eequently the action of the valves ie not perfect. , . 

"The piston rods of uterine engines are subject to excesain 
strain, consequently the use of guides is imperativa For t' 
single piston-rod engine, the universal eyatem ia a channel undef^ 
neath the rod, the guido-block being generally of gun-metal, and 
the upper portion attached to the piston-rod by bolts and iiut& 
For double piston-rod engines the guides are of two kinds, tha. 
first airangement is as the last, and the second, as for high pie^ 
sure engines or double guides. To say which is the preferable 
mode of arrangenient of guides will, perhaps, be deemed boli^ 
but I may venture to stute that I deem that for the single pistom 
rod the beat of any yet introduced. 

" I cannot close this portion of the present paper without aif 
luding to the admirable arrangement for tightening the gland oj 
the piston-rod stulSng-boxes, introduced by the firm of Messitl 
Maudslay, Sons, and Field. The screws are of the ordinary kin^ 
but, in tha place of nuts, wonn-wheels are used, worms being 
fitted to correspond ; and motion can be given by a box-apanna 
while the engines ore at work. This is one of the moat importaol 
improvements tending to accelerate the progress of a ship dnriD) 
a voyf^ o^ say three or four months. Imapne the engines n^ 
quiring stoppage during a gale in order to tighten the glandl^ 
and a fair estimation can be formed of the value of the improvs- 
ment alluded to. 

"Having commented, though somewhat briefly, on the cylin- 
der appendages, attention may now be given to the main &amet( 
and crank abaft. The main frames may be said to undergo a 
continuous strain, and must, consequently, he of a cettaii 
strength in order to preserve the requisite rigidity. The eylifli- 
del is attached to the one end, and the condenser at the othei^ 
whilst the crank-sbank bas to be supported in its bearings. Set 
many years ago a celebrated firm used to make the condenser an^ 
main frame in one casting ; since that we have had the well 
known frame, like the letter A laid on its side, also the holloi 
Aame^ with a laised projecUtm %t ^bn <i;n£^-«\ta&i, «ral a ataa 
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the Upper portion connected to the cylinder j this last may 
aaLd to lie tbc moat simple, uid, at the same time, of less nm- 
A than the A tratne. As before stated, the Btrains on the 
16S are continuous, yet, when sudden shocks occur, from the 
:ng of the engines or the priming of the boilers, the tenacity 
>the cast-iron is severely tested. As this is the case, wrought- 
_ m might be used with great advantage, both as 60 increase of 
■trengtli aud decrease of weight. The crank-ahafts of marine- 
engines are generally of wrought-iron, in one mass, the cranks 
being double, and forged with the shafts. Three bearings are 
deemed imperative, so as to equally distribute the strains. . . . 
"The arrangement of the ordinary condenser and air-pump for 
oscillatiiig paddle-engines is generally as follows : the condenser 
is situated between and below the trunnions of the two cylin- 
ders ; the air-pumps are at an angle, with trunks and connecting 
rods of the ordinary kind ; the foot valves are at the bottom of 
the barrel of the pump, the piston has valves in it ; and the dis- 
charge-valve, when not at the top of the pump-barrel, is at its 
Bidft Now, the principal defects in this arrangement are in the 
position of the valves and condenser. When the foot-valves are 
directly tuidemeath the pump's piston, it is obvious that an 
almost entire disconoection must be made to inspect them. 
Also, in the case of the piston-valves requiring inspection, the 
pump-cover must be removed, and to attain this the gland pack- 
mg has to be slackened, and the connecting rod disengaged. 
Now, to avoid these evils, doors might be introduced, but with 
these disadvantages — increased height or length of the air-pump 
passages, and a body of water always above and below the piston, 
which undoubtedly is what any right-thinking engineer woidd dis- 
approve of, it being clearly understood that an air-pump wiil 
produce a better vacanra when the piston thoroughly discharges 
contents between the foot and delivery valves at each 

Tlie next portion of the subject now before us is the ordi- 
condensor for screw engines. The action of the air-pump in 
case is usually homontal, consequently the valves are at right- 
angles to the pump. To describe each arrangement of condenser 
and sii^pump that have come under the writer's notice would 
oecD/y too much time, consequently a ^nei BtfisSIvan, »A "otw 
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or three examples on tliia ocoasiQn will be deemed aiifficiQii 
For direct-acting and trank engines, with the cylinders secure 
together or side by side, the condensers were between, and 

e inatancea in front or at the sides of the air-pump, 
foot and discharge valves were directly over each other, tlw 
former under the pump at each end, the condensed water o: 
being drawn through the foot valves and forced through thoa 
above. In another instance the foot and delivery valves wbi 
extended the entire length of the air-pump and passages, t' 
position of the valves over and under being as before, and t 
coodenser being between the air-pumps. For return conneotinj 
rod engines, the condenser and air-pumps are subject to ( 
disadvantages. In order to obtain a passably good arrangemenl 
and at the same time occupy a moderate space ia proportion 
those last mentioned, the condenser, &c. have to be shaped to si 
the purpose required. It must be perfeotly understood that whel 
the piston-rods are beyond the crank-shaft, as in the example 
now in question, there is a certain amount of apace required f 
the piston-rods and guides of the cross head or guide block, whicft 
ever may be used. It is also clear that accessibihty to all tl 
valves without disarrangement should be attained. To illusttat 
these desiderata, the following examples will be sufficient f 
the present purpose. In one instance the condenser is partiallj 
between the cylinders, and extending beyond the erank-shaft; tin 
air-pumps are at the aide of the condenser ; the suction-valveS 
extend the length of the air-pump, and the disebarge-valves t 
between each pump, the pump and the valves being beyond tbt 
Crank-shaft. 

" The portions of the marine engine next for exempliflcatioa 
are the feed and bilge pumps. The position of these is so 
ranged that a free access can be obtained to the valves and s 
rounding parts without disarrangement. Some makers prefer 
work the feed and hilge pumps in a line with each othsr, with one' 
rod and plunger direct from the ateam-piston. Other firms secure 
the pumps side by aide to the disohai^e water-pipe of the c 
denser, each plunger being connected to the piston-rods crosshead; 
this latter improvement is more general than the former. In th 
case of hollow plunger or trunk air-pumps, those for the 1 
and bilge are on each side o{ V^ tui-^\ai:c%,«n4.wRnsQd.hYn 
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or keys. Before tenuiiiating tliis portion of the siibjeot, it will 
be well to add tliat the Talvea for tbe air, fetil, and bilge pumps 
are now universally discs of india-rubber, instead of the gnn- 
metat spindle- valvea . . 

" I have come to the end of my brief description of the mariDe 
engine, and will now allude to the weight of material, cost of 
marine engines, and the relation of nominal to aotnnl horse- 
power, together with the consumption of fuel. The variation in 
the weight of marine engines is due to the design and arrange- 
ment sa much as the material used. Double trunks may he said 
to be a fair example as to the average weight of marine screw 
engiuea. Betura connecting- tod engines are perhaps the heavier, 
in comparison to those of the single type, in relation to rods and 
guides. High and low preasuro engines combined arc the hea- 
viest of any examples yet given. The materials comprising the 
different portions of the engines of the present day are of six kinds 
— first, cast-iron, of which is formed the cylinders, pistons, valves. 
casings, main frames, guides, condensers, &o, ; secondly, wrought- 
iron, comprising crank* and shafts, piston and valve rods, links, 
levers, weigh-shafts, bolts, nuts, &c. ; thirdly, steel for springs, 
Bmall pins, &c, ; fourthly gun metal for bearings, guide blocks, 
bashes, glanda, nuta, &e. ; fifthly, copper, for pipes of all kinds 
required for steam and water j sixthly, india-rubber, for valves, 
packing, &c For the present occasion, in reference to weight, I 
have selected twelve examples of marine screw engines, each 
varying in power and design. The examples of arrangement being 
in pairs, the result has been that 4'334 cwt. per nominal horse- 
power may be taken as the average weight of material, exclusive 
■of boilcra, fittings, screw-propeller, and alley-shafting. It may 
lierB be observed that each maker of marine engines in the present 
tdsy differs in design and arrangement, consequently, the weight 
iof trunk engines by different makers would be unequal The 
aame may be said for single piston-rod engines, as well as for 
double piston-rod return connecting rod engines. 

"I now come to that portion of this subject which is the 

iwning question of all, and too often the cause of much con- 

'er^ in political and commercial circles — viz., what is the 

My opinion is, that it is perhaps the most difficult query 

that eoaid be put, and the onl^ Tea,»jTi ^<}T x'lfi \^&'tcA:^ 
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tion is to ]ircserve myself from preeumed neglect in not noticing 
this important matter. To aacertiun correctly which is the 
cheapest class of engine now in use, is a problem mach too di£B.- 
cult for me to solve ; but I will, however, tender such informa- 
tion as I deem reliable. 

" The price of a marine engine depends entirely on the claaa 
of wocltiDanBhip. Should a roughly -finished engine and boiler be 
required, with more painted than polished surfaces, the cost will 
be reduced in comparison to that of the more highly finished.. 
The fittings also greatly regulate the outlay. Some companies 
pride themselves on this portion of display, others, again, look on 
it as an unnecessary expense ; so, to draw a correct line of com' 
pariaon would involve the amalgamation of the many ideas in 
order to give a fair evidence. I feel confident, however, that 
marine engines, with boilers and fittings complete, can be pro- 
duced of certain classes for £70 per horsepower nominal, and 
the same can be reduced to ;C60 per horsepower; each price of 
course being under certain conditions as to terms and work- 
manship. 

" Allusion must now be made to the power, &c of marine enr 
gines. Nominal ]>ower is a term used, particularly for commereiat 
purposes. Each maker has his private rule, hence the diiferenca 
in dimensions in engines of the same class and power. Actual 
horsepower is defined by the indicator diagram, speed of piston, 
&c. ; the ratio between the nominal and actual power is in some 
cases low, in others high. The writer has known instances wheift 
the nominal power being I'O, the actual was 6'0 ; and in otheni- 
nominal I'O, actual S'123; the average ratio at present is, nominal 
10, actual 4-0 to 5'0. With reference to the consumption of fuel, 
there is a great difference in the evidence. Superheating and 
surface condensation are slowly making prt^ess, and at the same 
time reducing the consumption of fuel in mtio to the amount of 
water evaporated or steam used. The average actual borsepowej 
expended per cubic foot of water evaporated is, water being I'O, 
actual horsepower 2635 to 4"0, and doubtless in ao 
more. The ratio of fuel consumed in pounds per hour to thv 
actual horsepower per hour expended may be taken as follows ;— 
Engines of ordinary construction, power, l^Oj fuel, 5 to 6. Fd 
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expansive working-enginea, with superheating and surface ci>n- 
dBnEation, thtw:— power, I'O; fuel, 260. 

64, Injection and Surface Condnnsera for Marine Emjines. — 
In the paper of Mr. Eui^h, of which in last par. we gave an ab- 
stract, notice was taken of these two forms of condensers. In 
the " Mechanics' Magazine" there are two articles going pretty 
fully into the details of those two modes, of which we here give 
abstracts. That (a) under the title of "Injection Condensers "was 
published in the number for Aug. 35th, 18G5 ; that (6) under the 
title of "Surface Condensers" in the number for Sept 1st, 1865. 
(a) Injection Condensers. — " Commencing with the injection 
condenser for paddle and ecr&n-en^nes. Air pnnips with verti- 
cal action are similar in general arrangement ; the piston forma 
a auction and delivery valve alternately, while the remaining 
valves are located at the top and bottom of the air-pump barrel. 
The air-pump is not in al! cases perpendicular ; for large engines, 
and in vessels of moderate beam, an angular arrangement is pre- 
ferred. The suction valves are at the bottom of the pump, which 
is sitnated outside the condenser. The discharge valves are at 
the top of the pump, outside or clear of the cover, the air vessel 
being secured above the valves last alluded to. This description 
will apply to most arrangements for paddle-wheel engines. 

" Our next type of condenser and air-pumps will be that for 
gcrew engines. In this case we cannot confine ourselves to two 
or three examples for comparison, as the number of arrangements 
for the screw engines greatly exceeds that for the paddles. Marine 
engines for the screw may be said to be of two kinds as regards 
the principle, viz., direct and return actions. The condensers and 
air-pnmpa applicable for dtrect-acttJig engines are as follows : — 
The air-pnmps are as near the base line as practice will admit, 
the condenser being situated between the pumps. The suction 
and delivery valves are under and over the barrel, at each end. 
The discharge chamber extends on each side of the condenser 
and at the end of the same, so that actually the discharge water 
may be said to surround the condensing chamber during its exit. 
The means for obtaining access to the valves are by doors, those 
relating to the auction valves at the sides, wliile the doors for 
the delivery valves are on the top of the same. Now it will be 
p obvious that both disohai^e and condensing chambers must W 
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witliin the inner lines of the air-pumps. The external shape o 
the condenser in question is that of an hemisphere on a panij 
leJogram ; for the end view, the form in plan heing square ; al« 
the same may he said (if the aide eleyation, 

" We have thua far treated of examples relating to direct-actinj 
eiiginesL Ws propose next to describe the arrangements o 
oondensem and air-pumps for return-acting engines, oommonl] 
known as double piston rods return connecting rod engines. On* 
first selection is arranged as follows : — The con Jensere are placed 
between the air-pumps, rising centrally above the same to attain 
cubical capacity. The discharge chamber is located outside thfl 
pumps, and is similar in shape to that for condensing. Th^ 
suction and delivering valves are under and over the pumps a| 
the outaides of the same, access to the valves heing attaint by 
doors at the sides of the dischaj^e chambers and pump barrela 
The exhaust steam enters the condenser at the top and the in- 
jection at the back end of each condenser. The dischai^e water 
pipe is secured at the back end of the chamber in the ordinal 
manner. The space between the condensing and discharge chan^ 
bers is occupied by the piston and connecting rods, guides, &o.j 
hence the cause for the arrangement alluded to. The form of tbf 
exterior of the present example will be similar to lu, the bottong 
portion being Hat This relates to the end views, the shape ia 
plan and side elevation being square. In some cases the eami 
exterior of coniienser, (fee, ia preserved, but reverse in arrang» 
ment. The condensers in this case would be outside the airi- 
pumps, while the discharge chamber would be between the sama 
The suction valves are inverted at the bottom of the condenseF 
so as to effectually drain the sama The discharge valves are at 
the sides of the air-pumps, extending the entire width and lengtl 
of the bottom of the discharge chamber. The exhaust steam, 
discharge, and injection pipes are all respectively located as ia 
the last examples. In the next arrangement the air-pumps an 
raised from the base line as much as the crank shaft will admifc 
The condenser is raised at the front end and extends below foj 
the entire length of the pumps and valve chambers. The suo 
tion valves are outside the pumps beyond the guides of the pistoa 
rods. The iliacharge valves are above the pumps, also the c" 
ber abovo ^ fonuex. It jrill he leBiUly oadaiatood th&t in ti 
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case the suction valrea are greatly below and beyond the air- 
pump, a fact to whiah we ahall hereafter allude, Tlie shape 'i( 
the exterior of the eiaiBple under notice can be more easily con- 
ceived than illustrated descriptively ; suffic* it to Bay, the dia- 
charge chamber is raised centrally above the coiidetiaer and pumps, 
whicli latter form the base for the former, the plan and side ele- 
tation being as in those previously alluded to, . . . 

The true principles of injeetiim condengation. — When steam 
entera the condensing chamber it is in the fonn of a vapour ; on 
coming in contact with the cooling fluid id the shape of water it 
cundenses ; the two amalgamate, or rather reunite; forming a 
body of water of a higher tempemture than that used for injec- 
tion. Nave, it is obvious that the greater the space occupied by 
the condensed steaiu the less room for the protjeas of condensa- 
tion. Hence, it is practically consistent with natural laws to 
ilrain the condenser at the same epeed as the injection water and 
steam amalgamate. Wlien the condenser is below the air-pump 
or at tbe side of the same, a vacuum must be caused by the 
bneket, piston, or plunger before the water will rise In the barrel ; 
at the same time a cessation of flow or exit from the condenser 
must ensue. Tbe present remarks, of course, refer to single and 
double acting purapa similarly situated. Above the pump is the 
correct position for the condenser, irrespective of action. The 
motion of felling bodies causes a vacunm. ; hence, in the case of 
gravitation of water, and the same being applied to condensers, 
a better vacuum is attained than with the ordinary kind. The 
armigement we propose for land condensers and pumps, and also 
for vertical action on board vessels, is as follows : — The condenser 
■ llianld be on the top of the pump, in fact, the top of the latter 
^tfihould be the bottom of the former, the suction valves being in- 
■.'Verted so as to efTectually drain the condenser. The discharge 
' ^^ves should he at tbe side of the pump at the top, access being 
attained to each set of valves by doors suitably arranged, The 
bottom of the air-pump barrel might bo open to the atmosphere 
or closed, or inserted in a body of water. By this arrangement 
a perfect action would be attained, owing to the fact that, on the 
auction valves opening, the gravity of the water would greatly 
assist its exit, it being remembered that a vacuum is caused above 
^^^d below the water in all coses. Ihe u^^qOaciIi k^SA 
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a better vacaum by falling direct rather than, rising to fall again 
witliin. tlie condenser or beyond the rose or splash plate. 

" Our ideas of what an arrangement for direct and return-action 
engines should be, are as foUow: — For the former class wb 
should prefer the dischaj^e chamber to bo centrally situated over 
the pumps ; the condenser located on each side and in front of 
the diachat^e chamber. By this arrangement compactness of tha 
valves and pumps would be obtained, while the discharge cham- 
ber would be above and between the pumps ; hence an air vessd 
of great capacity would be attained, a matter not to be disre- 
garded. With reference to the ai'rangements req^uiaite for retnrn- 
action engines, it must be remembered that in the present examples 
the piston and connecting rods, with the requisite guides, greatly 
impair the compact form of the pumps and condensers. "Wo 
say this remembering that cubical capacity in the hold of the 
vessel is of great importance. It next becomes necessary to con- 
sider which is the moat valuable, height or area, in plan. Should 
the two last examples for return-action engines be adopted, the 
results would be equal, owing to the different arrangements being 
alike in principle of action, with the exception that in the latter 
case the whole is situated between the guides, which perhaps is 
the better arrangement for accessibility to the working portion 
requiring adjustment." 

(6.) Surface Cmuiemers. — "To condense steam effectually is t 
reduce its temperature to a freezing point. This, however, : 
impracticable with marine engines, and to attain a continual 
vacuum of 14 lb. on the square inch is hailed as an event worthy 
of record in the annals of engineering. Surface condensatioii 
was in vogue some time back ; at iU outset it met with many 
enemies, who to a certain extent prevailed for a time. Latterly, 
however, the system has been revived, and has met with general 
favour. In our steam vessels space is of the greatest importance; 
therefore, for surface condensers the superficial tubular area must. 
be considered ; a certain proportion must also be maintained ia 
relation to the quantity of steam passing from the cylinders. To: 
attain the correct amount of cooling surface required, three im- 
portant facts must be considered, — the beating surface of the 
boiler, the grade of expansion in the cylinder, and the tempera- 
tme of the circulating water ui&ed. Otihet Yia^tsrtai!*. 3 
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) enter into the question, viz., correct arrangement of the 
^bea, and the disposition of the steam and water. Surface con- 
densers Bs at present arranged may he said to be of two classes, 
those having external, and those with internal cooling surlkcea. 
Ve will first describe the most modem arrangementa in practice, 
' then consider their relative merits. The tuhea in one 
Urangement are disposed longitodinally of the hull in four 
separate sets, two sots over each other. The steam enters the 
oondeoser at right angles with the tuhea at the top of the com- 
partment. On the steam coming in contact with the upper ex- 
ternal portion of the tubes, partial condensation ensues, and the 
rapour forming into a liquid passes through or amongst the 
X set of tuhea ; hence, total condensation ia attained in due 
se. The pumps for the circulating water and condensed 
n are situated below the tubes in separate compartments. 
One end of each pump is used for the forcing of the circulating 
'water, and the other end for the discharge of the condensed 
la order to obtain a correat circulation of the water, the 
discbaige chamber above the valves terminates on a level with 
I top of the first set of tubes. It is obvious that, on the 
Water passmg through the first set in one direction, a contrary 
action ensnea through the upper set, and thus the tubes are con- 
tinually filled with a certainty, a matter of importance in external 
mrface condensation. The circulating water in the present case 
enters the supply chamber below the pump at the back end. 
The auction and dehvery valves are under and over the pump 
tX the side of the same. The valves for the condensed steam 
e opposite to those lost alluded te, or at the back end of the con- 
inser. The snctioa valves are inverted over the pump, and those 
Jbr the discharge on the same level, but reverse in action. . 

"The second method of condensing is that where the steam 
niters the tubes, and the water surrounds them. Condensers of 
this class are not much varied in arrangement, owing to the fact, 
that a more direct action ia maintained both fur the steam and 
Hie water. Our remarks apply to two Hrangemeiits, perpeudi- 
eolar and horizontal. When the former is adopted, the steam 
eaters the space over the tube plate at the front end, and in 1 
ome cases at the top. Tlie air pumps and valves are locatedfl 
lelDiP Hie tabes, so oe to elfectuaUy dsom l\iAm, a»£n^u«^ ^T^ 
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by the grayity of the water or condensed ateam, Tfc 
circulating watw ia forced amongst the tubes at the bottom I 
the cDinpartmeiit, and discharged at the top ; the pumps in eae 
')eiQg doublfl acting, and located homontally. The tubs 
when homontally arranged ate located transversely of the hall a 
the ship. In order to ensure a perfect drainage, the tnbaa a 
inchned ^m the front end to the side of the hull. The steau 
enters the tubes at the front end, pairing to the back direct, 
pumps are similar to those last alluded to, and alike in prlncipls 
and action. We have expressed an opinion upon the arrange 
nient of the tubes for giren purposes, for external surface coi 
densera. The same holds good for that of the internal kind. 

" With reference to eondenmtlion, further remarks will not I 
out of place. Let it be assumed that two condensers are a 
ranged alike as to the position of tbe tubes ; the internal and e3 
tenial surfaces, however, are to be operated on by the ateamJ 
Tbe impurity of the water in each case is presumed to he th« 
same, so that the chemical action of the steam is alike in botli( 
cases, and of course the sediment in either case will be eqw' 
Now it is obvious that the most simple and available means fi 
cleansing should he adopted It must be remembered that in tt 
one case the ateam enters the tubes, while in the other it surround) 
them, but the action of condensation is alike in both, 
tical position for the tubes be agreed on, it will be found that in 
each case the sediment cullected wOI be alike in quantity inaida 
and around the tubes, and on the plates, but with this dilTerenca 
of location. In the case of internal condensation the sediment 
collects mostly on the top plate, while for external condensatioa 
the bottom plate receives the moat. Next, as to the removal of' 
the sediment With internal condensation access to the tubes and! 
plates is available without disturbing them ; but with external con* 
tact the sediment collects inside the plates and outside the tubea]^ 
hence both must be disconnected for cleansing. We have thus f^ 
proved that, with reference to tbe steam sediment, internal contact 
is better than external condensation, cleansii^ being considered^ 
The sediment ftom the circulating water depends on its nature and' 
purity. Care should always be taken to strain the water befoi* 
it enters the pumpj although the power thereby will I 
owing to the Miction beji^ JLcasenftd. Ajiirt-'oai leaKQ^ fot ^r^ 
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ing iuternal condensation is that the chemical action of t)ie 

nCeamdoes not affect the tube at the lower end. When the tuba 

pliitt eollnibs the main portion of the sediment from the steam, a 

mmmmi of the tube ensues at the plate, to a greater extent than 

.- ih\ .ither portion, due, oi" uourae, to the increase oc acoiunula- 

t sediment at that part Gemedios in profusion have been 

■ ■ij for protecting the tuhe, but it should be remembered 

:_^: [J ferrale the tube is to injure ita conducting poners, and 

iKi to atli^ct condensation. It should not be forgotten either that 

the tube plate is to a certain extent a oondetiaing surface not un- 

wortliy of notice, and therefore requiring attention as much as 

iJie tube. Surface condensers, as at present arranged in eome ia- 

ttances, are fitted with injection pipes and valves, so that, in tha 

' event of a fracture or entire corrosion of a tube, the ordinary 

mode is adopted without stoppage to any extent. Much could 

[ be said in relation to the nianj plans for securing the tubes. 

I In fact, the best method of securing the metala of a railway, and 

f the tubes in the plates of condensers, are abke matters involving 

similar amounts of Taried opinioa We prefer wooden hollow 

plugs to any other system of fising. For a good connection af- 

furdiug ready means of renewal, the uut and india-rubber washer 

is as simple as any." 
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65. Condenmd air as an auxiliary to eteam power. — " Tlie 
subject of condensed air," says a writer in the Mechanic^ Maga- 
10,716, under date May 19th, 1865, " which ia daily becoming 
more important, is very closely connected with Sir. W. Arm- 
Btrong's theory of the probable exhaustion of our coal-fielda, and 
the success of the one idea must be aa deeply interesting to the J 
engineering mind as the supply of the other Beeaseary of life 
precious to our national welfare. The exhaustion of our blauk I 
Indief, and tbe consequent decUtic o£ oiu viial ^tlt:.!, afiect iisl 
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^th aa a commercial people and ail a great nation, and any sagt 
gestions which tend to economise our resourcea, or to make ua ia- 
dependent of them, are entitled to the consideration of everj 
tbintcing peraon. If knowledge is power in one Bense, so ia coal 
wealth, in another; it is, therefore, our policy no less than our 
duty to utilise aay means at our disposal to husband that wealth. 
The condensation of the atmosphere appears to offer to our naa 
many of theae advantages, and it is our business briefly to draw 
attention to some of them. The subject under consideration di* 
videa itaelf into two heads : — 1. The eondenaation of the air; 3, 
The different applications of the air while in a state of conden^ 
sation. 

" In considering the first head of our subject we obserro on 
the one hand that artificial and expensive power is eyerywlieit 
requisite, and, on the other, that natural and comparatively in- 
expensive power is in too many instances running to waste. 
The problem is to utilise this natural and inexpensive power and 
cause it to take the place of the more costly article. There aia 
many sources of power of this description which will at once oei 
cur to the mind. Among others, Sir "W. Armstrong mentiom 
mountain torrents and streams as being, if properly managed, 
capable of producing much useful effect. To these we may add 
the immense power of those volumes of air in motion which ex- 
ert their influence over such an extended area, and which equal 
in their effect an almost illimitable stream of water running by 
us to no profit for so many months in every year. The power 
derivable from the waterfall has been the source of an ingenioua 
though complicated invention in France, but the power to be ob- 
tained from currents of air by condensing them would only re- 
quire a very simple mechanical arrangement As much of thia 
power as is necessary might thus be brought under our control, 
and turned to any use for which it might be required. It is un- 
necessary to enter into mechanical details, but it is obvioua that 
there are many localities in our country, such as high lands neat 
the sea, mountains, or elevated tabla-lanils in other places, which 
would be very suitable to be thus turned into reservoirs of powet 
The power is going by us, it ia for us to avail ourselves of the ad- 
vantages it offers." The writer concludes by pointing out the ad- 
vaattigea of the system as applied. \a ca&Y ci\^hAit%, tduoia. ^lan^^ 
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On the same subjeet the " Scientific Review " has 
Millie paper — Msy, 1865 — from which we take the foUowing; — 
"The use of compressed air in the cutting of coal in the pit is 
to he one of its meat interesting appKcations, as it will li- 
])erate fi:om very irksome toil, and great danger, a clti3S of men 
occupation is of a most laborious and painful description. 
:r is forced into a receiver above the aujface of the earth by a 
to produce a pressure of about 60 Iba per 
tquare inch ; it is thence conveyed into the mine by metal pipee, 
and from these to the different workings, by india-rabber tubing 
about one and a baK inches in diameter. At each working it 
rata in action a machine very like a common steam-engine, but 
;imning on wheels, and giving motion to a pick or cutter. At 
the Audsley coal-pit, the shaft down which the metal pipe passes 
is eighty fathoms deep. These air-engines are found to do the 
ilrork very rapidly, and to be extremely manageable. When they 
used, the coal is obtained in better condition, and there is no 
ger of the pitmen being crushed by fi'agmenta falling from 
ifiie root The condensed air, after it pastes from the engine, 
ventilates the mine; and, during the great expansion it under- 
goes, lowers the temperature of the atmosphere, which, in ordi- 
nary cases, is inconveniently high, 

"Compressed air, on a very large scale, is used in the tunnel of 
int Cenia; which, when completed, will be about 7'6 miles in 
At the BardonSche aide, it is compressed by the im- 
power derived from a column of water more than eigbtj- 
feet in height, and the use of extremely ingenious and ef- 
machinery ; and is conveyed through the tunnel by a large 
in pipe. At the Moilane side, the air is compressed by means 
six large water-wheels. The compressed air gives mo- 
to the perforators or chisels of the boring machines — one of 
latter being in each division of the ttinnel They are mounted 
wheels, which move on tramways, and each of them lias about 
perforators, that are capable of acting in all directions. At- 
:hed to each perforator is one flexible tube for the compressed 
and another for the water that is injected into the bole at 
blow, to clear out the debris and cool the point of the in- 
iment. The perforators are, by means of compressed air let 
behiiscl tbem, diacbarged with great rapiilli^^ 'S\j.\i ol 'w&«*,,'«\iial». 
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are not unlike gan-baTTHls; and they are drawn back by a eimi 
lar means, but with less force — turning round in the boles dot 
ing their return. As soon as the chisela have bored holes to tb 
depth of between 32 and 36 inches, they are placed opposite ti 
other points in the rock, where they make eirailar perforations 
and this is repeated about seven or eight times. The boring md 
chine is then moved baclc; the boles near the centre are firs 
charged with gunpowder and exploded by means of alow matches; 
which burn at the rate of 24 inches per minute; and, after thi 
amoke has been blown away by jets of conipresaed air, the otha 
holes also are chained and exploded. The stose and d£brt 
which have been detached are then removed, and the perfop 

machine commences ita work anew. 

"The application of compressed aii to musical clocks is a re 

cent and ingenious idea. 

" One of the moat interesting of the recent apphcations of w 
pressed air is to be seen in the pneumatic loom. .... Up to th 
present time, the object has been chiefly to improve the ' picker j) 
the pneumatic loom gets rid of it, and thus avoids a large amooi 
of the noise, improves the fabric, and sets aside every limit to v 
locity, except that dependent on the goodness of the threa 
While the common loom makes, ordinarily, only about 180 pioki 
a minute — a greater speed being counterbalanced by a nioi 
quent breakage of the thread— the pneumatic loom, with yantj 
of the same quality, wiU, it is said, make about S60, with v 
few breakages. The saving of power, with the pneumatic loou 
appears to be very considerable; for, while the eomraon loom v 
quires a strong man to keep it moving even slowly, the pnemna' 
tic can witb ease be worked rapidly by the hand. This savin 
has been calculated at nearly one half j but supposing it to 1 
only one quarter, it would still be, in the aggregate, of immeni 
advantage. It is considered that the increased velocity the pnen 
, niatic principle allows would add about 2,800 yards per year t 
I the production of each loom, or nearly a milhon and a balf S 
f &tA of all those in the United Eingdom. 

" The peculiarity of the pneumatic loom consists in the ' 
r stroke being effected, not by a clumsy imitation of the hnmU 
1, but by a jet of compressed air emitted through valves in I 
"llFbaxes. The air is oondensed by a pump, or even a i 



GnEwoniES.] LENOIB'S GAS ENGINE, 237 

hffs, ind is oonveyed to the shuttle-boxes by b. flesible tab(% 
I It 19 liberated at the proper time for impelling the Bhuttle, by a 
I brer, which is acted on by a cog placed on a wheel that is driveu 
r if a pinion on the main axle. Among the advantagea claimed 
I fo this loom is the mathematical precision with which the ehut- 
I He is thrown exactly in the right direction ; but it strikes ua that _ 
this part of the appaiutua might be rendered, without difficulty, 
fttill more certain and exact in its operation. .... 

" Another application of compresaed air consists in raising by 
means of it weights from mines. The apparatus used for this 
purpose consists in an iron cylinder, which passes down the shaft 
— ^being continued a short distance below its lower extremity, 
and also a few feet above its upper. Within this works a piston- 
rod, having a piston at each end, the space between being the re- 
ceptacle 6)r what is to be raised from the mine. When the ap- 
paratus is to be made to ascend, air is, by means of an air-pump, 
forced down under the lower piston, through a pipe. This raiaes 
the pistons; and when the space between them has been an- 
loadod above, a valve is opened below, which causes thera to de- 
scend; the air which thus escapes from the cylinder serving to 
ventilate the mine." 

66. Lenoir's Oas Engine, — This form of motive power has re- 
cently attracted great attention, aud has been adopted in so many 
instances — more markedly in Paris and the United States — that a 
notice of its main peculiarities may be useful here, for this 
we are indebted to an article in the " Practical Mechanics' Jour- 
nal for August 1865.'' " M. Lenoir patented," says the writer, 
" bis original idea of a gas and expanded air engine, ia this coun- 
try, in 1860. His first notion was to admit the air and gas into 
the working cylinder by means of a slide valve and ports, simi- 
lar to those of a steam engine ; but the slide, in heu of being 
contained within a valve cheat, was open to the atmosphere ami 
kept tight against the valve faces of the cylinder by adjusting 
screws. The port which in a steam engine answers the purpose of 
the exhaust served as the air inlet, being in communication by a 
nozzle with the atmosphere, and the gas was supplied to one or 
other of what would otherwise be the steam ports by being let 
into the hollow cbamher of the slide through an opening in the 
tttfik of the valve J thia opening, as the ^aWa »c\^TWMa«i^-^j»j 
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brought altoniately opposite to obo or other of two gas nozzle^ 
the cut-off of the gaa being effected by the passage of the opening 
ill the back of the valve from one nozzle to the other, both 
zlea being fitted into a phite, against which the valve worked 
gas-tight. The valve waa so worked and adjusted aa to open tha 
air inlet a httle bofoco the gaa inlet, and consequently a supply 
of air was drawn into the cyhnder by the piston before the gSrB 
entered therein ; the air and gas, as stated by the inventor, being 
made to form, distinct strata under the cylinder, in heu of being 
mixed together. The object of admitting the air first, was tc 
neutralize the elfect of the carbonic acid gas formed in the cylin- 
der by the previous combustioa In this condition, with one 
half of the cylinder charged, the gaa was ignited by an electric 
spark obtained by the aid of a pair of electrodes at each end of 
the cylinder in communication with a battery and Rhumkortf 
coil The expansion of the air in the cylinder produced by the 
oombustion, by acting on the piston, caused it to traverse the cy- 
linder. The piston rod waa connected in the usual manner, by a 
connecting rod, with the crank shaft of the engine, which also 
carried eccentrics for working the shde valves ; one of theso 
valves we have already referred to ; the other, which was situate 
on the opposite aide of the cylinder, waa of a airailar construc- 
tion to tie first, with the exception that there was no gas inlet. 
orifice through the back of the slide. The porta in communiea- 
tion with thia valve were precisely similar to those of an ordinary 
steam-engine eyUnder. The object of the second valve and porta 
was to serve for the eduction of the foul air and products of 
combustion after each stroke of the piston. 

" The electric current was directed to one or other of the tvro 
iguitera by a simple form of rotatory commutator, fitted c 
the crank-shaft of the engine, and so arranged that the necessary 
make and break of contact should bo produced at the precise mo- 
ment required. Aa it was found that the working cyhnder ynut 
liable to become considerably heated by the ignition of the 
inside it, a water chamber waa cast in the cylinder body, and m 
continual stream of cold water allowed to flow through it. Such 
were the general features of M. Lenoir's invention in 1860. 
1861 he obtained a second patent for improvements on his fotmet 
plans, Danng the course oi t\aun5TavemR,'t&,W.\jaQEns. 
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Mtered that the admission of the air aad gaa, in regular and al- 
ternate layers or strata inside the cylinder, was a very important 
fenture in the obtaioment of a proper and perfect comhustion of 
ibe gas, and consequent expansion of the air. To ioaure this 
Msolt, M. Lenoir very considerably modified the form and gen- 
eral arrangement of the all and gaa inlets and valves connected 
I therewith, Aa in the first arrangement, the inlet elide valve ia 
open to the atmosphere, being kept tight against the cylinder 
valve face by the pressure against the back of the valve of ob- 
long nozzles cast longitudinally along the side of two vertical 
cylinders, bolted to the aide of the main cylinder, which is placed 
horizontally. These small cylinders or vessels serve as receivers 
for the gas just before it enters the main cylinder, a forlted gas 
pipe supplying both receivers simultaneously. One of these gas 
receivers communicates by an oblong slot or port in its nozzle 
with one end of the main cylinder, and the other with, the oppo- 
site end. The slide valve haa two rows of small tubes fitted 
therein, each row of tubes, when brought opposite to the respec- 
tive Blot or opening in the nozzle of the receiver, allowing the 
gas to pass direct into the main cyhnder in a number of small 
but distinct streams. Between each of these streams of gas a 
distinct stream of air is allowed to enter through other openings 
made for that purpose in the valve, and which are in free cora- 
muaication with the atmosphere. In order that the various al- 
ternating veins of gas and air may preserve their respective thick- 
nesses and positions whilst travereiug the inlet ports of the cylin- 
der, these ports are formed or subdivided into a number of chan- 
nels by fitting therein what the inventor calls a ' comb," which 
ooQsists of a flat plate having a namber of raised ridgea cast on 
one fiide, three of such ridges forming channels or separate pas- 
sives for the gas and air to pass along as they enter the cylinder. 
The edaction slide valve on the opposite side of the main cylinder, 
consiata of a sliding plate, having two thoroughfares through it, 
which are alternately brought opposite to two eduction ports, 
made at each end of the cylinder (but on the opposite side to the 
inlet ports), and to the nozzles of two water charabors, which serve 
to cool the pfoducts of combustion as they pass along to the out- 
let pipes. The cylinder and cylinder covere are kept cool by 
w»ter jaeketa, or spaces foimod therein. fbroxuAi -siWfa. ^ qscAa-th 
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■tream of water is kept flowing. This water, after issuing froi 
the water epaces, is rua into a large tank, where it is sulhdeutl 
cooled to be used over again, thus economizing greatlj the 

iptioD of water. 

The distribution of the electric current ia not effected by 
rotatory commutator aa in the first arrangement, but is accont- 
plisbed by a reciprocating commutator consisting of a small mel 
frame, bolted to the bedplate of the engine, and having attachi 
to it the negative wire of a RhunikorfCs apparatus, ao that tl 
whole working parts of the engine which are in direct 
contact with each other, are chained with negative electcicitJM 
An inaulating plate is fitted into this ^me, and upon it 
screwed — so as to be in a direct horizontal line with, but insult 
from each other — two ahoit metal bars, from each of which a wiw 
leads to one of the ignitere. Beneath these short bars i 
a single bar, of a length equal to the combined length of titli 
abort bars ; and this bar is in communication with the podtira 
wire of the induction coiL A metal-blade spring is attached 
the oroB9-be«il of the piston j and this spring, by sliding to and 
fro longitudinally along the two short bars and the longer bu 
below, alternately, brings one or the other of the Bhort bars anj 
corresponding igniter, in electrical communication through t&l 
long bar with the coil, so that a spark will be produced at 

proper time. Ench igniter conaists of two wirea placed in an . 

auluting core, which is screwed into the ejhnder covers. One o| 
the two wires is brought into direct communication with th« 
poeitive wire of the coil at the moment required, in the manner 
above ileacribed ; but the other wire is allowed to remain in ooi^ 
Htant metallic contact with the cylinder, and is, conseqaently, 
always charged with negative electricity. The moment the com? 
munication is established between the other wire of the ignites 
and the coil, a spark will nacossarily be produced, which 
the gas in that end of the cylinder. M. Lenoir, in the speoifti 
cation of his second patent, proposes, in some cases, to admit lnt« 
till) working cylinder, in addition to the air, a certain amount ol 
]ow-pres8ure steam or moiat vaponr, or water in the form of tf 
lui^t or tine spray, so that on the firing of the gaa, the ateam ot 
vajMJiit will be considerably expanded, and will increaao the effect 
We believe, \iowe,^«i, "CbbX 'ft 'Siaa 
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thought requisite to construct engines on thia principle, the effect 
of the expanded air alone being found amply sufficient for all 
practical purposes without the additional cumplicationa necessary 
fur the carrying out of thia idea," 

The reader interested in this niatte.r will find a plate illuatra- 
tive uf the details of this engine, and a description of the samo 
in the number of the "Practical Mechanic's Journal" above al- 
luded to. 

Mudijkatwn of tht L^,noir OM-Engi-m. — Under this title 
the Mechanics' Magazme, of date Nov. 17th, 1865, has the fol- 
lowing: — "A very valuable improvement in the Lenoir gas-en- 
gine has been effected by M. Hugon, of Paris. Hitherto, the 
explosion of the mixture of coal-gas and air employed in these 
engines has been effected by means of a voltaic spark, but M. 
Hugon effects it by a contrivance which is at once somewhat 
cheaper and ranch more regular in its working. To the slide or 
other valveH regulating the admission of gas and air into the cy- 
linder he attaches little burners, supphed with gas under pres- 
sure, and he eo arranges that the flame from these burners shall 
explode the mixture in the cylinder at the proper time. These 
little jets are blown out by the explosion, but are afterwards re- 
lighted by an outer jet, whioh is kept constantly burning. This 
mmple improvement seems Hkely to considerably diminish the 
uncertainty and irregularity which have hitherto characterised 
the action of the gas-engine.'' 

67. 77ifi Ammonia Oarhonic Acid Gas Engines. — " M. Tel- 
lier,'' eaya a Report of the Polytechnic Association of the Ameri- 
can Institute, given in the Siikntific American. — "M. Tellier, of 
France, has recently Invented a means of storing and using me- 
chanical power, by condensing ordinary ammoniacal gas to the 
liquid state, and applying it for propelling omnibosses, and other 
▼ehiales, in places where steam power would not be admitted, 
Tlie conversion of gaseous ammonia into a liquid by pressure, 
and its apphcation for locomotion is not new, but the mechanical 
arrangements by M. TeUier embrace several novelties. The small 
vessel, containing liquid ammonia and gaseous ammonia above it, 
may be compared to an ordinary steam boiler ; wlieo the valve 
in opened a portion of the gas, having a tension, at 60° F,, of 
ftboiU 100 lbs. per square inch, presses against a piston within a 



343 ENGINEERING FACTS. [Div. 1% 

cylinder filled with common air. Tbis movement of the pistol 
traasmits power tlirough a crank, and at the same time condensea 
the air before it in the cylinder. At the completion of this stroka 
a little water is injected into the cylinder, behind the piston^ 
when the ammonia is instantly absorbed by the water and a va- 
cuum is produced. The pressure behind the piston being tbas 
removed, the compressed air on the other side of it is brought 
into play ; thus the piston comes to its original position and tha 
crank has completed one revolution. After the ammoniacal wa- 
ter has been drawn off the piston is ready to receive another 
chai^ of ammonia. It will be perceived that this apparatus 
would woit more steadily if two cylinders were used ; M. Tellier 
proposes to use three. This arrangement, or any other in which 
a gas x>asses from the liquid state at a nearly uniform pressure^ 
has many advantages over that employing atmospheric aii as a 
secondary motor. The President then directed attention to 

(6.) The New Carbonic Add Enffine. — "A contrivance fc« 
drawing cars on street railways, by means of liquified carbonis 
acid, is soon to be tried in this city by Dr. Barbour, of Aubom, 
N. Y. The gas is liquified by a stationary engine, and iu that 
state is kept on the car, in a strong receptacle. The whole appa- 
ratus is modelled after the steam engine, but is of much amallst 
dimensions. After its use the gas escapes &om the exhaust into 
a large gas-proof bag upon the top of the car; when the oar re- 
turns to the stationary engine the gas is withdrawn from the ba^, 
and again condensed into a liquid, and is thus osed over aud 
over. In many particulars carbonic acid is preferable to am- 
monia. I. It has at the melting point of ice a tension of 675 
lbs. to the square inch, and would occupy only -^ the room re- 
quired for the ammonia arrangement. 2, It is brought from the 
gaseous to the liquid state at one operation, by means of the force 
air-pump driven by steam ; while the use of ammonia on Tellier's 
plan requires a large quantity of water for its absorption, ths; 
weight of which increases the amount of power required to dravj 
the car. At the end of the route the ammoniacal water must Iw 
subjected to heat, and the gas, thus disengaged, is reduced to ft^ 
liquid by means of a force pump driven by steam. 3. The state- 
ment of Tellier that a vacuum is produced is not strictly true, for 
ordinurj ammoniacal water when le'iie-jci teim (A-vaswiitiaiiio 
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sure loses a portion of its ammonia. The tension of the gas in 
Tellier's cylinder is, however, so greatlj reduced as to allow the 
reaction of the compressed aii to carry the piston to its first posi- 
tion. 4. The unaroidahle leakage of minute quantities of am- 
monia would make a car more offensive to the olfactory nerves 
tbftn the stable. 5. The coat and trouble of preparing carbonic 
acid is much less than that required to produce ammonia." 

68. Petroleum Engine. — "Mr. F. H. "Weuham, of Clapham," 
says the " Scientific American," " has patented an invention, which 
conmata of two pistons contained in a cylinder with open ends. 
The first pieton works a crank by means of a connecting rod, the 
second is disconnected. During the revolution of the crank the 
second piston fullowa close to the first by atmospheric pressure 
nntil near the tenaination of the up stroke. They then separate 
for a short distance, at which time a mixture of gas and an ex- 
plosive vapour is drawn in between thsm. When the fii'st piston 
arrives at the end of the stroke it uncovers a small tonch-hole, a 
fl&me is drawn in through the aide of the cylinder, the gases take 
fire, and by explosion drive the second piston to the opposite end 
of the cylinder j here is fixed a cross-bar, through which the flat- 
lod of the second piston passes, this is now instantly held fast 
by two wedges driven into the croas-bar against the flat sides of 
the rod ; this, and the wedges may be grooved to increase the 
grip. A vacuum is formed between the pistons, and the one 
connected with the crank in approaching the other by atmospheric 
pressure causes the revolution of the shaft. The piston before 
sgsin coming into contact drives the products of corabuatjon 
fironi between them through an outlet valve in the side of the 
cylinder. The loose piston is again released by withdrawing the 
"wedges, and follows after the other for the succeeding stroke. 
The next improvement is for a means of igniting the gaseous 
mixture. A gas-jet pours directly into the tonch-hole in the side 
of the cylinder. Surrounding the flame of the jet there is a 
platinum coil to retain heat. There is a similar arrangement 
round the touch-hole, and both coils remain red-hot whilst the 
engine is at work, and prevent the flame from being blown out 
by the force of the explosion through the touoh-hule. He gives 
increased pressuie and intensity to the gas by means of a small 
pnmp or bellowa. A farther improvemen^i cooa.** \a ■^oaaa'^ 
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H^ the gas or air through naphtha, petroleum oil, or other volatila 
H liquids, to ohtain an inflammable vapour. The receptacle contain- 
V iug the liquid insj he heated to aesiet vaporizatio 
* 69. Lefroy'g Fuel PoiOfr. — An article in the "Engineer" — ■ 

April 7th, 1865 — illustrated with a large drawing, gives a d©- 
acription of this, from which we take the following ; — " What i( 
oaUed mechanical power ia primarily the development of elastio 
action, and, secondarily, the action, or rather reaction, of gravity, 
for gravity is the mere tendency to immobility, which, o 
tained, ceases to hs action or movement. In other words, elasti- 
city is a repellant force and gravity is a cohesive force. ~ 
practical purposes heat may be considered aa the elastic force and 
cold the condensing or gravitating forre. Heat in a steam engina 
aweSla water to many times its normal bulk by the cjnditinn of 
steam, and for various reasons it has thus been need aa power;, 
but the fact has been disregarded that the fuel itself i 
of burning multiplies its volume manifold in the farm of gases, 

I and that if these gases could be compressed or controlled, ai 
ateam is, a great result in power would be attained How h 
burn the fuel under pressure is the problem to solve, without de- 
stroying the vessel containing it. In the case of guna we dio 
bum the fuel under pressure, but explosively, in the form of gun- 
powder ; while in steam cylinders we want to burn it gradually 
and without burning the metal containing it. This problem Mr. 
Lefroy ia seeking to solve hy burning the fael so as to pass its 
force into water. 

" The essential and novel features of the system are three, 
namely, First, the combustion of fuel under an artificiaUy obtained 
high pressure. Second, the forcing into and through the water 
contained in the boiler all the gaseous produets of the combustion 
of the fueL Third, the utilising, for mechanical purposes, the 
elastic forces which exist in those gaseous products, instead of 
literally throwing them away, as at present, through the funnel, 
chimney, grate, and furnace mouth into the atmosphere. Ths 
availability to mechanical purposes of these forces (of which thn 
aggregate value exceeds nearly tenfold that of the steam generated 
by any existing boiler from the same quantity of fuel) beinjf 
conditional entirely on the fact of the combustion being earned 
k. oa in a cloeed vesseL 
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" The following advantages are claimed by the inventor : — 
First, a very greut dimination of the volnme of both furnace 
and boiler. A saving of 90 or 95 per cent of this important 
element of the cost of artificial power may reasonably be antici- 
pated. This great economy is estimated as diie to the greater 
rapidity of the combustion of the fuel, and to the great increase 
of mechanical power, which will result from the combustion of 
each unit of fuel. Second, a great reduction in both the prime 
cost of these, as due to the dimination of their weight and volume, 
and to the much greater durability of the proposed boiler (which 
ia nowhere approached by the fire) than boilers of any existing 
form can possibly possess. Third, an economy of both the entire 
cost (prime) of the funnel or chimney ; and, in the case of marine 
enginus, of the space occupied by the funnel, and of the whole sum 
of inconveniences essentially involved in its presence. Fourth, 
a greater security i^iunst explosion, as due to the fact that no 
portion of the system which ia exposed to the destructive action 
of the fire auataina any bursting pressure whatever. Fifth, the 
greater rapidity of getting up steam after, as well as an entire 
mspenaion of the combustion of the fuel during, any interval of 
inaction. Sixth, a peat economy in the labour of stoking (which 
might even be effected by a simple form of pump, as explained 
in the general observations) and of the health of the stokers, who, 
80 far as their services may be requisite, will be entirely protected 
fe)m any direct action of the fire. .... 

"While with very obvious convenience, as far aa the matter 
of the introduction of the fuel into the furnace and all the de- 
tails of stoking are concerned, and without impairment of its 
two novel and essential principles, which are, ' the combustion 
of fuel under high pressure," and ' the utilising for mechanical 
pnrposea the elastic forces of the gases into which the fuel is 
converted by combustion,' all oils combustible under high pressure, 
and gBBes, whether mineral, vegetable, or animal, may be substi- 
tat«d for coal as the fiiel in the system above proposed ; one or 
the other of the three following descriptions of fuel, and modes 
of supplying the same to the furnace, will, nnder existing con- 
ditions, probably be found to be the most economical, namely ; — 
First, petroleum alone, to be pumped in by a simple force pump. 
Beoond. balls of patent fuel, made of coaV dxiSi ftnaMvw^ Ssi. -^ 
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troleum, Bo small that tho whole may be treated in a paiup as a 
liquid. Tliird, balJa of aimilar patent fuel, as exhibited in this 
engraving, and aiao floating in petroleum, but of n diameter too 
large to admit that the petroleum in which they float Ehall be 
pumped into the furnace as a liquid. 

"With modifications of form specially adapted to each pur- 
pose, which will doubtless occur to persons engaged in the respec- 
tive trades, this ayateni appears to be readily appKcable to the 
following purposes, namely ; — First, to the evaporation or distil- 
lation of all hquors, syrups, and many other bodies. Second, to 
the roasting and smelting of ores. Third, to the heating of 
buildings for any purposes, whether of manufecture, trade, ot 
personal health and comfort, and probably, as compared with ex- 
isting methods of conducting these operations, with advantages 
in point of economy, convenience, beauty, and elegance of form, 
not inferior to those which it is believed to possess when applied 
6oIely to the purposes of developing mechanical power. Fourth, 
to the development of artificial lights Fifth, to the conduct of 
the combustion of gases and oils, with a view to develop the maxi- 
mum of both hght and heftt, producible from the combustion of 
the same fuel Sixth, to the manufacture of cool gas for the 
purpose of illumination, by the introduction of a middle chamber 
(answering the purpose of an ordinary retort) between the far- 

s and the boiler, whereby both processes can be carried on 
simultaneously, and by means of one fire. And such a twofold 
application of the heat generated evidently will not be confined 
to the manufacture of gas only, bat may be made available to 
many processes in tho arts and manufactures, now carried o 
separate operations, which require a high and constant tempera- 
ture, such as by this system is ensured. The arrangements under 
this head are shown in a supplementary drawing. 

" The novel system above proposed, of conducting under high 
pressure the combustion of fuel for almost every conceivable pup- 
is believed to open a cheering prospect of abolishing the 
tens or hundreds of thousands of chimneys which now pour into 
the atmosphere of our large cities those masses of filthy and 

rious smoke {that is, of unconsnraed combustible matter) which 

K encompass them, and begrime their populations and build- 
higa; and of reducing by 90 pet cenL ^0.6 es.-51sadita.-K at tb«< 
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fuel tequiaite for dU purposes, whether of mechanical power, of 
the induBtrial arts, or of domestic comfort, luxury, and elegance, 
with more than a proportionate advimce in the general comfort 
and refinement of domestic life, and the health of all classeB of 
OUT city, and of many classes of our rural populations." 

70. The Heated Air Erigine. — Under this title, the "Me- 
chanica' Magazine," of date December 1st, 1866, has the follow- 
ing. {The article is illustrated hy an engraving, not here given) : — 
"Thie engine, which is of American origin, differs in its mechani- 
cal construction and operation from the other hot air engines 
which have been constructed ; as it uses the products of combus- 
tion and expansion of the heated air in direct communication 
with the working piston ; the regulating and controlling of it 
being performed by the agency of improved induction and educ- 
tion valves. The other engines have only used the products of 
combustion to heat the atr introduced by pressure into an air 
chamber or generator, whereby an immense amount of power has 
been wasted or lost, which might have been rendered available 
by using it in connection with the expanded atmosphere. The 
engine ia perfectly self-contained ; the air-pump, cylinder, and 
furnace being bolted down on a base or sole plate, and it can 
be moved into its position and at onoe started to work, whereby 
the loss of time incurred where foundations, &c., for boiler and 
en^ne have to be put up is entirely saved. Its parts consist of 
an air-pump, a furnace connected by proper passages with the 
air-pnmp ; a cyUnder, to and from which the heated air is ad- 
ctitted and withdrawn by the valves and their arrangements ; the 
beam, connectiog rod, and governor are, as in an ordinary beam 
engine, for communicating the power to machinery requiring it ; 
and the bed plate or sole piece, on which the whole is bolted and 
supported. 

" The air being drawn into the pump, at the upstroke of its 
piston, is by its downward motion forced through the passages 
into the furnace, on its way to which it passes round the lower 
part of the cylinder to keep it cool, getting gradually heated on 
it« way, and passes under the bottom of the furnace, and enters 
a passage on one side of it, passing up and entering into the fur- 
nace over the burning fuel, where it mixes with the gases and 
other volatile products of combustion ', fhen. -^aaseK o^N. ^ ^^^ 
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furnace through, a proper opening into the valve cheat, whence 
at the right moment, by means of the induction valve, it enters 
under the piston, forcing it to the end nf the stroke, at which 
moment the induction valve closes, the eduction valve opens, the 
heated air escapes, and the pinton is brought down to the bottom 
of the cylinder again, bj the dead weight of it, assisted by the 
momentum of the fly wheel and other moving parte. We may 
odd that this engine is to be seen at work at So. 16, Laurence . 
Pountney-lane, City. Having inspected its working we can 
testify to the efHciency of the arrangement." 

71. Van Debater's Turbine Wate)- Wlieel. — In the "Scientific 
American," the following remarks on this form of turbine are 
given. They are illaatrated by four drawings, one of which we give 
in Fig. 19, namely, a section showing the shape of the buckets. 




" These wheels are quite celebrated, and are in use in all parts of 
the country. "We have seen testimonials from diiferent patties 
now using them, who express the gi'eataat confidence in, and 
satisfaction with them. Mr. Van Dewater says ; — 
■ " My experience for upwards of twenty-three years has enabled 

H me to become thoroughly acquainted with all tbe difficulties that 
I each and every water-wheel of the day is subject to, and I have 
I made effort to avoid them ; from my certificates I think that 
I manufacturers and mill-owners will be able to convince them^ 
B* selves of its utility and superiority. My long experience 
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\o gain a maximnnj speed of the velocity of the water on ail 
their points at the working speed of the wheels. 

■' I am ready at all times to contract with manufectur«ra and 
mill-owners, to construct and set in operation my Improved 
Jomval "Water Wheel, from 3 to 350 horae-power, npon the most 
Feasonable and satisfactory terms. The whe«l is highly finished, 
and the backets are pohshed, and so constructed that they can 
be built of iron or etoel. I am willing to warrant my wheel to 
work up to my table, which yielda the moat horse power from 
the amount of water uaed. The great outlay of building pen- 
stock is avoided, and under a fall ^om 15 to 25 feet the pressme 
is ao groat that the flooni must waste mure or less water in time 
if the wheel is not located near the upper level of the falL It 
can be located at any point, or batweeii two levels of the fall, or 
set in the bottom of the floom, 

" An 18 inch wheel, under 6 feet head, 24 inches of water, 
mokes 189 revolutions per minute at work — giving, according 
Mr. Van Dewater, 1'81 horse-power ; and he saya be has yet to 
learn of a single instance where they have failed to give satis- 
faction," 

72. On a new Water Engine. — At a meeting of the In- 
atitution of Engineers in Scotland, reported in the " Practical 
Meehanics' Journal for April 1865," Mr. C. H. L Fitzwilliams 
read a paper descriptive of this : — 

" In places where a constant supply of water at a high pres- 
sure can be easily obtained, as is the case in most large towns. 
small water engines, for driving light machinery not cjnstantly 
in ose, can he more advantageously used than small steam 
engines to perform the same work ; for instance, for driving 
organ bellows, small turning latht-s, hair-brushing machines, <&c. 
£y the simple turning of a tap the engine is started, and the 
some tap serves also to regulate the speed and the power at which 
the engine works. 

" The cylinder engine and the turbine are the only engines at 
present used for such purposes. 

"I have the honour to lay before you a drawing of a water 
engine on a new principle, which I hope you will think worthy 
of your attention. 
■ ar " la tiiA drawinga before yoa (ooa oiUx of four t^veu in the 
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' Practical Mechanic's Jonmal ' is here given. Pig. SO), the 
enters the engine from the supply pipe at a, presses on the pisttai 
at B, driving it lound to a, making the drum u take the position o 
the drum N, as shown in drawing ; the ghafts, B and e', being' 
geared together, N takes the position of M, as shown in drawing 
after the first half revolution ; the water then acts on o' as befoie 
on B, the driving pressure being during one-half of a revolution, 
on the one shaft, and during the other half of the revolution 
the other. The water, after it has done its work, is diachai^od 
at D. The teeth of the wheels, p and f, are stepped, to make 
the movements of the two shafts more equal Q ia the oaainft 
B is the cover. 

" Three years ago, Professor Weher of Gottingen, in one of 
lectures, mentioned that a new sort of air-punip had been 
vented hy a man of the name of Repsold, in Hambuig, and used 
by him to discover leaks in the system of gas-piping laid dowB' 
in that town. Weber made a rough sketch of the machine, and 
explained its theory, showing that the volume of the air passing 
through the pump during every part of a revolution was constant. 
Now, it struck me at the time that this machine would make 
good water engine, for if it was worked as an engine it would 
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dead points, and also the pressure of the water on the 
driring piston would be constant at all points of a revolution. 
When I considered the question more fully, I found that my 
la quite correct. 
" In ray design of an engine on this plan which you have now 
before yon, the piston surface is 3'75 square inches ; the stroke, 
or it9 equivalent in this sort of engine, is 13'56 inches. Sup- 
posing the machine to work at 1000 revolutions per rainvite, the 
piston must travel 1046 66 feet per minute; if the pressure is 
40 lbs. per square inch, the total work done by the water ia 

40 X 3-75 X 1046-GS , » . ,.-, . . , a- - i » ™> 

— — = 47o ar. \Vhat the coefficient of effi- 
ciency of the engine is I cannot eay ; it is not easy to calculate, 
and haa not been determined practically, That of a well-con- 
structed turbine, according to Eankine and Delauny, ia "75 ; 
though Mr. ScHele says bb tarbine utilizes SQ of the power 
expended. Sir William Armstrong gets by his cylinder engines 
from "66 to '77 per cent. The actual power of the engine would 
bo, I should think, somewhat over 3-6 h.p. If the fall is not 
more than 30 feet, it cannot matter much where the engine is placed 
with regard to it. It would he just as efficient if it were placed 
at the top of the full, as it would be when placed at the bottom. 

" The water moves through the engine in one solid stream, 
during one half of a revolutioo down one side, and during the 
other half down the other. A comparatively small surface of the 
water comes in contact with the sides of the engine, so the fric- 
tion cannot be great between either the water and the engine 
itself or between the different molecules of the water. The 
drums ooght to St as well as possible, without touching each 
other or the casing. 

" If the engine haa work to do of an irregular nature, the 
stoiod force in the column of water in the supply pipe comes into 
play, and acts in the same way as that stored in a fiy-wheel In 
the cylinder engine thia same latent force is a source of great 
troable and waste. Sir W, Armstrong ia his hydraulic engine 
has recourse to relief valves, in the valve casing, allowing water 
to escape into the eshauat when the pressure, at the turn of the 
stroke, gets higher than the engine can bear with safety, Hia 
, when thia happent^ is said to ' OToi-TOn' iteell 
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"A small rotary water-pressure engine on this plan works w^ 
as a water mster, as the same quontit; of water mast be iised fop 
each revolution, so that knowing the number of revolutiona 
made, the quantity of water passed througli the macliinB is also 
known. I have tried this model as a meter, and found tlta^ 
althoufjh the dmms do not fit at all well, it allows very iittlft 
water to run through it unaccounted for. When mnniug at 
2,208 rovolutiona per minute, tlie slip was 1'21 per cent. The 
pressure on the water was about 6 lbs. or 7 Iba. per square indi. 
I could not try it at any higher speed, as the cook from which I 
got the water was very small, and could not supply enough to 
drive the model any quicker. When running at slower speedy' 
I found the slip to be relatively greater, though the presaore WM. 
much less. At first sight one would be led to suppose that ths 
higher the speed, ami consequently the pressure, the greatg 
would be the slip, but this is not the case. When run 
a very high speed the escape between the drums i 
diminished. Directly any water nianagea to get between then 
it is thrown back again, as the surfaces of the drums, betwee 
which it tries to pass, are moving quickly in the opposite ditei 
tion. The engine can he worked as a punip when driven by 
pulley off some other engine. A pump made on this j ' 
would possess tbe advantage over the common centrifugal pumj 
that it can work at quick or slow speeds with equal efficiency. 

"This principle might also, I think, be adopted to adrantt^e i 
the construction of au CKhauster in a gas work, to facilitate tl 
transportation of the gas from the retorts into the gaa-holder, ] 
it can run at a very high speed without fear of its getting out d 
order and breaking down. I believe a good machine of tbi 
sort is very much wanted. 

" I think I have now stated the principal uses to which engine 
made on this principle may be appliail, and hope thaC befoi 
long I may have the pleaanre to see a a engiue constructed afte 
my design put to some practical use." 
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73. Engineer^ Tools. — The following article, which we ex- 
tract irom the "Engineer," Jone 23il, 1866, will appropriately 
bead the present Division of onr work. " Although the prin- 
ciple of action may be much the eame in most cutting tools, the 
modes of its application to particular classes of work are, na- 
lorally, being constantly extended. When iron was once trued 
to a fiat surface by means of the chisel and the file, the planing 
machine deservedly ranked, upon ita first appearance, as an in- 
vention not only of importance, but of no inconsiderable inge- 
nuity. But 80 accustomed are we now to so many varieties of 
engineers' tools that it is difficult to fully realise that they are of 
very recent origin ; and so simple and so mnoh a matter of course 
ie tiieir action that it is almost a question in some minds whether 
they embody any real ingenuity at all But, even to the most 
careless as well as to the best observers of mechanical ingenuity, 
there is a wit, so to speak, in many of the later adaptations of 
tools to irregular or special work. Until lately the inner sur- 
faces of the rims, between the spokes, of railway wheels were 
either left rough, as they came from the forge, or trued up with 
the chisel The finish was not only imperfect, _ hut the least ir- 
ttgolarity in weight, in a wheel going perhaps sixty miles an 
hour, is a cause of extra disturbance and wear. By a very simple 
adaptation of the shaping machine the surfaces between the spokes 
of railway wheels are nnw finished to a curve, by a tool moving 
in an arc across the width of the rim. In real simplicity there 
ie scarcely more in this than in any other mode of machine 
shaping ; but the purpose and the machine itself are unique, and 
whether we say 'a happy idea,' or a ' neat dodge,' we equally ex- 
press the pleasure which every exhibition of real ingenuity always 
affords. There is cleverness, too, in the working of planing tools 
around the curved or oblique edges of armour plates, and there is 
a distinct satisfaction, known to the mind of every real mechanic 
(if the mechanics who prefer the term ' engineer ' will pardon ua), 
io sneing the edges of a united thickneBs o£ 5 ft. ol €ra.^ -^Wie^ 
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^r squared at one operation by cutters fixed upon a revolving £EtC6 

■ plate. The machine for rifling cannon ia another form of neat 

H mechanical adaptation, as is that, also, foi planing the Whitworth 

B polygonal shot. It only needs new purposes, however, to pro- 

^ft duoe an almost endless variety of equally neat — .for we can hardly 

^1 choose a word which better expresses the idea — of equally aeai 

^M mechanical combinations in engineers' tools. When engineers 

^1 were debating — as many of them, perhaps, are still debating 

^H — the merits of drilled rivet holes, the multiple drilling machine 

^P was brought out. We mu-st own that there is much contra- 

^T dietory rumour as to the real nee of this tool, or, in other word^ 

of its being nsed by those who bave it in their works. It is 

an ingenious machine, in many points, nevertheless. So, too, tree 

the multifarious punching machine, by the late Mr. Bichaixl Eo- 

Iberts, Only one, that now at the Canada "Works, at Birken- 
head, was ever made. Another, which, when completed, will bo 
the second, is now in progress at the works of the London En- 
gineering and Iron Shipbuilding Company. We shall not noi 
revive the question of drilled v. punched rivet holes further thaa 
to say that, while Mr. Maynard's experiments, made public u 
year ago, show an average nett gain of 15 per cent, in the strengtiti 
of drilled over punched work, others, who are reckoned 
thorities, but who have not published their experiments, deny- 
that drilled work has any real advantage whatever. Keeping to 
our present subject, the machines, both tor multiple drilling and 
multiple punching, are ingenious and effective. So is the t 
chine for working out the throws of crank axles, while the crank 
is held down in a fixed position. And there is a neat adapta- 

Ition of means to ends in the simple gear now used in some, if 
not in all, locomotive workshops for planing the valve faces c£ 
cylinders in sitti. Many of those machines are not known ae they 
deserve to be, but in an article like the present it would be tedious 
to describe them, and, we fear, still more tedious to out readers 
generally to read descriptions o£ them. Whatever the arrange- 
meut of the parts may be, most engineers' tools are employed 
to alter the surfaces and forms of metals by cutting, eitha 
superficially or by deep incision or complete perforation. And 
in all tools there is either to be elfccted the movement of the 
I catting tool agaiuEt the fixed object, or the moNv.meat of the ob) 
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ject operated upon against the fixed cutting inatmment. And the 
working gear, while it must consist essentially of well-known 
parte, is vanahle to on almoat infinite extent in its combination. 
What these variations are our readers are in the habit of seeing 
fieqnentl}' illustrated and deficribed in the appropriate pages of 
The Engineer. 

" It is hardly neeessary to say that, with the increasing eah- 
stitution of steel for iron, heavier and heavier tools are required. 
It is something to see a chip 6 in. or 6 in. wide, and nearly ^ 
inch thick, taken off the edge of an armour plate, at the rate of 
15 ft. or 30 ft. per minute, and as quietly as if the plate were of 
load instead of iron. With Krupp's steel, and, indeed, most 
Eteel, the rate of cut cannot well be much above one-half that 
usuaj in iron ; and it is an object, therefore, to have as strong 
tools, and to take as laige a cut as possible, in working in such 
metals, which, on some lines of railway, are now employed ex- 
clusively for crank axles, tires, guide bars and piston rods, and 
the use of which, indeed, is becoming the rule rather than the 
exception for most of the working parts of locomotive engines. 

" For ordinary planing and turning, the action of the tools 
being invariable in principle, no great change, of course, can be 
introduced into the details of construction. Many of our readers, 
membera of the Institution of Mechanical Engineers, vrill have 
lately received copies of Mr. Fletcher's practical and interesting 
paper on machine tools, read last year at the Glasgow meeting. 
It is seldom, indeed, that we get a paper now-a-days, upon ma- 
chine tools. As the late Mr. Bohert Stephenson once said, at a 
discussion at the Institution of Civil Engineers, upon Mr. Sawyer's 
paper, they present but little matter for discussion. An engineer 
is apt to look upon machine tools much as a hard-working man 
woold look upon his own frame. Both would be inclined to say 
that the object in mind was an ordinance of natui«, and that 
there was nothing to discuss more than there is in the height of 
SnowdoQ, or Ben Nevis, or in the flow of the Thames or the 
tides. A machine tool, however termed, is but an instrument 
for applying force — and it may be steam foree, or water force, or 
brute force — to the shaping of one of the most obdorate metals 
known in the arts. It is only in points of detail that engineers' 
tools are reaUy interesting, even to enginean \ bii&. ^'&ft ^^fio^ 
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are tedious of popular discuaaion cliiefly because they are t 
atantly VBrying." 

74. On Improvements in keavy Tools for Omeral Engi- 
fiMring and Iron Shipbuilding Work. — A paper (alluded to: 
in the last par.) by Mr. James Fletcher of Manchester, 
read before the " Institution of Mechanical Engineers," 
fully reported — with numerous illuBtrationa — in the "Ei 
iieer," under dates June 23d and 30th, 1866, from whichi 
report we take the following ; — " During the last thirty; 
years the great rise and progress have taken place in the 
Gtruction and application of general engineering and iroa ship- 
building tools, their manufacture now forming a very important 
branch of mechanical engineering. Forty-five years ago, at th* 
commencement of the writer's career as a mechanic, tools were of 
a very rude and primitive description, the lathe and drill being 
about the only ones then in general use ; slide lathes were pos- 
sessed only by a few persons, being made with great labour and 
expense, and very inferior in point of workmanship. 

" The introduction of the planing machine, however, and its: 
subsequent development, effected an entire change in the mann-., 
faoture of tools and machinery of every class, giving the n 
of ctirrying out with faciHty many works which had been left 
unattempted pievioualy as too expensive or impracticable, and 
opening the way for improvements and invention generally ; and 
in a short time these machinea became indispensable in every , 
workshop. The slide lathe became then comparatively easy of J 
manufacture, and, in conjunction with the planing machine aiidj 
self-acting drill, formed a most important foatare in the advance- I 
niont of engineering work. Still much remained to be effocted : 
a lai^ proportion of work was done by hand, especially the 
Bnialler portiiona of machinery, until slotting and shaping ma- j 
chiuea were brought into use, and special tools were adapted for ; 
all parts where a quantity of work waa required to be produced. ] 
By the gradual introduction and perfecting of the regulator screw, j 
the wheel-cutting engine, standard gauges, large surface plate^ j 
long straight edges, and scraped surfaces, combined with the im- J 
proved tools, not only was the amount of manual labour oonsider-^V 
ably diminished, but the work waa done more expeditiously, and afl 
of accuracy wu Sitt&vaad, vtierebj the work^| 
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tnansbip in all classes of machinery waa remarkably improved 
aod at a great reduotion in cost. As engineeriDg skill was 
brought to bear on schemes which could not previously have been 
carried out, so were tools enlarged and new ones invented, to 
meet the exigencies of new works ; until engineers ajid others 
became really dependent for the acomaoy and execution of their 
work Qpon the tools that conld be employed for the purpose. 
The steam engine, with all the inventive genius that has been 
oonoentrated apon it, would without these tools have still been 
most imperfect in construction, and would have formed a wide 
oantrast to the engines erected at the present day, in point of 
excellence of workmanship, durahihty, and cost. Many instances 
could be given where tools of imasually laige dimensions or the 
most minute descrijitiou are indispensable for the execution of 
the work required. 

'* The great change which has taken place in the substitution 
of wrought iron for wood or cast iron, especially in ship and 
bridge building, is a subject worthy of special attention. In ship- 
bailding the use of wrought iron has advanced with such rapid 
strides during the last twenty years as to cause a complete revo- 
lution in the trade. The transition was so sudden, and the de- 
mand so great, that much difficulty was experienced in procuring 
a sufficient number of the necessary olass of workmen, until those 
who had previously been employed as shipwrights in building 
wooden vessels were in a short time enabled, by the assistance of 
improved tools and appliances, to compete with more practised 
hands, and to oope easily with the heavy modem work. Im- 
provements in the construction of iron ships were then rapidly 
developed. Scvr tools were called for and produced, by means 
of which the work has been materially improved and facilitated ; 
the edges of the plates are now planed to make perfectly fitting 
joints, and multiple drilling mnohtnes are rapidly coming into 
ose for drilling a large number of holes at once in the plates or 
keel bars. 

" Another important feature in connection with improved tools 

ia the direct application of steam power to individual machines, 

ftgpecially those for the purpose of punching and shearing plates 

I at oatting bars, &c, by the oombination of a small steam engine 

Lwitheacb machine; thus rendering the m&chxnBa \kivWi1q, «n.- 
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tirely self-contained, and independent of other sources of dri 
power, and thereby saving in many instances the necessity a 
running a large engine and quantity of shafting to drive only oU 
or two machines, when pressed for the work upon which they an 
engaged, and entirely dispensing with shafting and the usual at 
tendant expenses. By this means, and by the use of an undee 
ground steam pipe vrith branches at convenient points, either u 
workshops or along the sides of docks, these machines may b« 
moved about to any part required, and thus obviate the inconve- 
nience and loss of time in carrying work to and from the ma- 
chines. Steam pipes of great length are now being used and an, 
found very satisfactory for purposes of this description ; and thii 
plan makes a much more convenient and lees costly arrangemenfi 
than shafting, which requires constant attention." 

(a.) Lathes. — " In the earlier construction of the lathe the alida 
rest was the first great step towards the principle of the slids 
lathe, and no doubt led to that invention, which was considered 
impracticable before planing machines were made of suf&cients 
magnitude to plane a lathe bed of even small dimensions. A 
few slide lathes had indeed been made, the beds of which went 
composed of a timber framing, covered with iron plates on the; 
upper aide to preserve the surface, similar to those which vrera 
previously used for the ordinary hand lathes, with the exception 
that the outer edges of the iron plates were made of suitable shaps 
to form the Va for the carriage to slide upon. It was not) 
however, until some time after the introduction of the plamsg 
machine that, the cost of workmanship being considerably less^ 
ened, shde lathes came into general use, and their utility was fullf 
acknowledged and attention directed to their improvement 

" The appHoation of a screw to the shde lathe, so as to rendn 
it capable of both sliding and screw cutting, was the next im- 
portant improvement ; and a great amount of time, peraeveranci^ 
and capital was expended by a few persons in endeavouring to 
perfect this portion of the lathe. A short screw was fiist made 
as accurately as possible, with the rude means then possessed^ 
from which one was cut double the length, by changing the turned 
bar end for end in the lathe after cutting one halt Subsequently) 
by following out this principle, screws were capable of being madi 
of any length required. 
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" After this the suifaciug motion was introduced ; and also the 
use of a shaft at the back of the lathe, in addition to the regu- 
lator screw, for driving the shding motion by rock and pinion, 
instead of both the motions of sliding and screw cutting being 
worked by the screw alone. For it was fouud that the threads 
of that portion i.>f the screw nearest the fast headstock, being 
most in nse, were worn thinner than the other parts ; and, in 
consequence, the lathe did not cut a long ecrew with the degree 
of accuracy which it otherwise would have done. 

"Thus, etep by step, improrementa were gradually bronght 
forward ; the four jaw and universal chucks, and other iiuportant 
appliances, were added, so as to render the lathe applicable to a 
great variety of work, even cutting spiral grooves in shafts, scrolls 
in a face plate, skew wheels, and also turning articles of oval, 
spherical, or other forma. The duplex lathe, with one tool acting 
in fcont and the other behind the work, is also found to be a 
very useful arrangement for eliding long shafts, cast-iron roKera, 
cylinders, and a great variety of work, where a quantity of the 
same kind and dimensions has to be turned. 

" I may call attention to an improved lathe designed for the 
purpose of turning long shafts, screws, or other articles. The 
bed is 40 &. long, cast in one piece and planed the entire length 
at once. It is provided with two pairs of headstocks, placed 
right and left hand, each pair having its own carriage and tool 
chest, and working entirely independent of the other ; the ono 
pair being 15 in. high to the centre, and other 12 in. high. In 
connection with the larger headstocks is a regular screw, running 
through the entire length of the bed, by means of which, when 
the other headstocks are removed, a screw 35^ ft. long may be 
cat at once. The smaller headstocks, by means of a separate 
shaft at the back of the lathe, are capable of sliding an article 
36 ft. long, and can also, if required, be provided with a screW- 
cntting arrangement. Thus tiiia lathe possesses the advantages 
at being used as two lathes for work of an ordinary character, 
bat at the same time a very long shaft may be turned when re- 
qnired. In many workshops a long lathe is an absolute necessity, 
although the whole length of the bed may not be required many 
times during the year ; and unless some similar arrangement to 
tlie one above described is sdopted, a large poitiau oi *iha \aJ>i;ift ^wA^j 
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taking up Tolanbte space, would remain idle and useless the greatei 
portion of the time. Again, in sliding long shafts the two car- 
riages and tools maj be in operation at once upon the same piece of 
work, sad thus economise time. The headstocka being placed 
right and left hand, the loose headstocks ate thus able to accoro^ 
modate each other to the different lengths of work, thereby aToid* 
ing the necessity of moving the fast headstock and top cons 
pulley when any work above half the tctal length of beds is to bfl 
turned, 

(6.) " The Planing Macldne ia one of the most important tools 
in use, and has done more towards the advancement and euccea* 
of engineering work than any other invention, with the esceptiim 
of the lathe ; and has passed through a great number of changes 
since its first introduction down to the present time. 

" In the first planing machines the table was moved by means 
of a chain winding on a drum, as in the old hand machineft. 
But this mode was found to he very objectionable ; the cut was 
unsteady, and when the tool was suddenly relieved at the end 
of ita cut, the table had a tendency to spring forwards ; it wa« 
also diiven at the same speed both forwards and backward^ 
and thus a great loss of time was occasioned. This was mncb' 
improved upon by the use of a rack and pinion, arranged ta 
give a quick return motion, and also afterwords by the scro* 
arrangement. Much difference of opinion has esisted as to ttw 
relative value of the rack and the screw for driving the table o£ 
planing machines. The writer will not, therefore, go into this 
question further than to state that his own long experience in 
this class of machines, after having made a large nnmbei with' 
both appliances, has led him to the opinion that the rack is de^ 
cidodly the most preferable mode of driving. 

" In some of the earliest planing machines the Ya were mado 
inverted, evidently with the idea of preventing any cuttings thai 
fell upon the wearing surfaces from remaining upon them. Thejf 
proved, however, to possess no advantage even in this particulail 
as the finer portions of the cnttings still adhered ; and in addition 
it was found that from the motion of the table the oil by its own 
gravity would not remain upon the surfaces, and thus cause them 
to cut and wear away quickly, They were afterwards made aa 
ordinary V shape and found to answer much better, as the T 
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formed a reservoir to contain the oil in a groove at the bottom, 
ft^ra which it waa raised at each stroke by the mntion of t!io 
taWe and the apparatus attached for that purpoaa The Vb have 
n constructed of different angles and widths of surface ; but 

t IB the writer's opinion that at the present time many machines 
Q made with the angle too obtuse, and the surfaces widened to 
o great an estent In machines with very shallow Vs taking 
^ heavy cat off a light article with the tools on the uprights, the 
table ia liable to shift sidewaya, causing the tools to dig into the 
|n>rk and occasion much mischieC Also with very wide Ys the 
table when making short strokes cannot work the oil up to the 
'•op of their auriaces, and thua allowa them to cut or gaU. The 
-writer has in use a planing machine mth a bed 54 ft. long, the 
~Va of which have only 2 in. of surface on each side, and are 
planed to an angle of 85 deg. This machine has been working 
upwards of twenty years, and for the last six years both night 
and day ; it has been employed during the whole of that time 
upon very heavy work, ranging from five to twenty tons. The Vs 
are still in good condition, apparently very little worn, and the 
work the machine does is at the present time perfectly true. The 
bed ia in three parts jointed and bolted together, and the table 
in two parts ; since at the time it was made there waa no machine 
capable of planing a very long piece, and this was considered to 
be one of the largest then in existence. The writer has also a 
planing machhie maile about the same period with a V on one 
aide of the bed and a flat surface on the other, which plan he 
found was very objectionable, on account of the two surfaces not 
wearing equally and the oil working off the flat surface.' 

"The planing machines were further improved by the use of 
two tool boxes on the cross slide, and by the application of slide 
reata or tool boxes fixed upon the uprights, self-acting vertically, 
for planing articles at right angles to the tools on the cross slide. 
The reversing tool box is a very ingenious and useful contrivance 
for planing flat surfaces ; hut that plan is cot so well adapted 
for general purposes. Planing machines have, like other tools, 
been specially adapted to a great variety of work, and the writer 
has made them with different numbers of tools, up to as many as 
sixteen, all of which were in operation at once, 

" Kb great changes which haye latelj feik.6ii ^\aj!a vii 'Caa -rasKKcv- 
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factnre of wroughti-irou and steel ordaance, and the revolution 
tbey have caused in the construction of vessels of war, have called 
into requisition a great many alterations and adaptations of the 
present machines, as well as many entirely new ones. The plan 
ing machine especially has been called npon to do work of a- 
very curious and intricate character, namely, that of planing the 
edges of armour plates to different curves, shapes, or angles, 
most cases this has been accomplished by a pattern bar of ina' 
or steel, placed on edge in a small chuck fixed upon the Burface 
of the table, adjiistable by set screws, and shaped to the form to' 
whioji it is required to plane the edge of the plate ; as the tabla 
travels, this bar, which rana between two circular rollers attached 
to the under side of the tool slide, moves the tool sideways, ac- 
cording to the amount of curve in the shaper or guide bar, tho 
tool box being disconnected for this purpose &om the screw id 
the cross shd& 

(c.) "The Slotting Machine, of which the engineers in Glasgow 
can justly boast the heaviest examples, was originally introduced 
for cutting small wheela, levers, &a, mostly for self-acting mula 
and loom work ; and was afterwards adapted to a great variety, 
of work by the appUcation of a circular table, which was ai 
provement of the greatest importance, especially in laige 
chines for slotting or shaping la:^e cranks or other similar work ; ■. 
this is now done to such perfection as to require merely draw- 
filing and pohshing to give the work a perfect finish. Many< 
kinds of quick return motions have been employed for the pur^ 
poae of saving time in the return stroke of the tool, and to give 
it a regular and steady movement in the cutting direction. 0£ 
these the principal are the eccentric wheels, the eccentric motion, 
and lastly the lever motion, which makes an excellent and steady 
movement, and is now very much applied to shapiog machines. 

"One of the large slotting machines made hy the writer haa' 
a stroke of 3 ft., and the framing is capable of taking in an arHr' 
cle 12 ft. diameter; it has compound sUdes and a self-actii^ 
circular table 6 ft. diameter. The ram moves in a vertical alid^! 
which can be raised or lowered to suit the depth of work on tbft 
table, so OS to form a support to the tarn when taking a heav]( 
cut. The motion applied to the tool slide is the lever and C0I^ 
aaatiag tod, afianged bo as to gaii^ ^^«,x Bst& ^^%«s^iixa!M 
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|mift)nn motion in the catting direction, and an accelerated speed 

in tba return Btroka 

"Fat the purpose of ohtainiog greater accuracy id dividing out 

I 'Ae holes in bridge platea, boiler, or ship platen, a dividing table 

Qas been used, and machines have been arranged to punch several 

I -oolea at once. This was certainly a great improvement upon 

f he old method, since, in addition to the accuracy attained, very 

*buch more work was accomplished in the same amount of time. 

^tili the work was not of a satisfactory description ; in punching 

'^ie holes the iron is disturbed or fractured for some little distance 

V^und the hole, thus weakening the plate ; and, in consequence 

^^f the taper which there must necessarily be in all punched bole^^ 

the rivets do not thoroughly fill np the apaoe, especially when 

*nore than two plates are joined together. 

"The faults of punched work above mentioned were so ap- 
;j«ient when wrought-iron bridge building became general, that 
"they led to the introduction by Messrs, Cochrane of the multiple 

» trifling machine." 
75. Improved Atmospheric Hammer. — " This hammer," eaye a 
writer in the " Scientific American," " is highly approved of by 
'many of our largest machine makers, and over forty are now in 
use in different parts of the country. It can be managed with 
great accuracy, will strike a light or heavy blow, runs rapidly, and 
is luider perfect coutroL , We regard it as a useful machine where 
die or other work has to be done. We never publish certificates 
in connection with our illustrations, and are, therefore, obliged to 
omit those shown us by the manufacturers, who will he happy to 
furnish them by maii This hammer works by compressing air 
in the cylinder, the cylinder itself sliding up and down between 
guides. The fojluwing description will render it intelligible : — 

" The air is compressed by a cylinder A, and piston E 
(see fig. 21). The cylinder moves in the slides, C, by the 
action of the connecting rod, D, driven from the iace plate, E, by 
l)elting, in the usual manner. There are two small holes, F, in 
the cylinder, A ; through these the air enters. The whole ma- 
chinery is carried in a strong iron frame. Now, if we suppose 
Uie cylinder to ascend, the air will enter through the holes F, and 
be compressed as the cylinder goes up. This compression is at 
the bottom of the cylinder, and theTe£ore\i£(8tW\iMinaKiTO.<j-^- 




ly the time the hammer is lifted the coi 
ing rod arrives at the top centre and commencas to def 
The air then enters above the piston, and, as the cylinder 
comes down, condenses the volume very highly. This cond 
air is the foree stored up to make the blow, for bo soon a 
connecting rod turns the bottom centre, the confined air ex] 
instantly and thus throws the piston and hammer down 
great force. This action is repeated at every revelation, an 
height of the cylinder is altered so aa to forge large or small 
^J lengthening or shortening ttio conmfidtm^ loi. ^^^\aj 



DIRECT ACTING STEAM TILT HAMMER. 266 

s lifted Ett the aseending etroke by the compreesed air below, as 
I ■*« stated previonsly, and thia also aids the cylinder in corapresa- 
7 log the air for the return blow, and it is owing to the rapid ac- 
I tion of the two movements that the piston does not fall before it 
eblains the advantage of the air compressed above it. 
" It will be Been that this hammer is exceedingly nimple in its 
J Mnstniction ; there are no valves about it to get out of order, 
I ADd the packing is exceeding durable and easy working. Both 
I list in the piston and in the cylinder head ia made of the cup- 
I leathers used in packing hydrauUc rams, and they have run for 
Lnontha without leakage or perceptible wear. Tlie dies are fas- 
a with keys, and the anvil block, G, is adjusted by ano- 
ther key, so that the dies can be set properly without delay, 
lie speed of the hammer is regulated by an idler pulley, which 

» be operated by a treadle." 
' 76, Direct Acting Steam Till Hammer. — "A model," aaya the 
f I'ractical Mechanic's Journal," " of a curious arrangemeut of di- 
ict acting steam tilt hammer (tig. 22), of which wegivean engrav- 

Fig, 22. 
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pair of knee joints, operated upon directly by the piston rod of 
an oscillating ateant engine, In the model exhibited a. spring 
was applied for giving the blow a downward stroke of the hanir 
mer, but in practice it ia proposed to employ a vacuum piston, 
for this purpose." 

77- On Improvements in Steam Pile Driving Machineri/.- 
At the Civil aad Mechanical Engineers' Society, a paper by Mr. 
A. H. Lavers on the above subject was read, from which, we take- 
the following: — 

" It is necessary to state to persons unaccustomed to pile driv- 
ing, that, in pointing the pile, to prevent as much aa possible iia. 
going wrong, a centre line should be struck off from end to end, 
and a template made the shape of the point and then scribed. 
And to kave a stump point about 2^ in. square, fonuing a seal' 
for the shoe; the length of the point in timber 14 in. squan< 
should be 3 ft, 6 in., and the point of the shoe should be of adHA 
iron, and the four straps 18 in. long, and of iron 2 in. by f in* 
or ^ in. nailed on, but this will vary according to the soil they] 
are intended to penetrate. The driving hoop to the head of tba- 
pile should he of iron, 4 in. by 1 in., truly fitted and driven o 
by the ram. The pile is held in position to the uprights by s 
bolt IJ in. in diameter, called a to^te bolt, passing through the 
pile about 3 ft. from the head to the back of the uprights, and 
there lixed with an iron plate, nut, and screw ; a piece of haid 
wood must also be placed to fill up the space between the 
rights, through which the toggle bolt also passes, to keep the pil6 
in ite position. I shall omit mentioning anything about screw 
piles, this subject having been discussed before. I will give a 
few remarks on the resi.^tance the various descriptions of timber 
will bear, viz ; — 
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= 259,200 lb,, or 110 J tons per foot au- 




iB POT feet snTierficii 



" For practical purposes, we may, however, suppose a case, such 
,key equal to one tou ^ 2,240 lb., falling from 
heiglit of G ft. upon the pile ; according to the laws of gravity 
a bgjy falling from a state of rest acquires an increase of velocity 
In a second of time equal to 33^ ft., and during that period falls 
^fccoogh a space of 16-1^^ ft.; this accelerated velocity is as the 
^uare root of the distances, and a falling ram or weight having 
^^uired a velocity 8'085 in the first foot of its descent, and 6 ft. 
tsing the height from which a weight of one ton is supposed to 
«all, we have VQ x 8'06 = 2-449 x 8-05 = 197U for the 
-velocity in a descent of 6 ft. Then 197H x 2240 = 44-169 
ib., or nearly twenty tons as the momentum with which the ram 
inpingee on the pile ; but in pile driving it {the ram) will aver- 
age fctira 15 ft. to 24 ft. per second, friction, hatter^ and imper- 
fections in machine retarding. 

" For the momentum of stroke on the head of pile, multiply 
weight of ram by velocity in feet per second ; but much height 
will also give momentum of stroke as the square root of the 
apace fallen through. To fiad the resiatance of a pile while driv 
or when driven; — 



= weight of ram. 



^^k h ^ heiglit fullea through by 

^^H d — de^at of pile in one bio 

^^1 "Then 35 = weight which will just sink the pile. 

I " When a pile is driven to a state approaching inertion, that is 
when the ram merely drives the pile regularly about one-quarter 
or half of an inch, the number of times that the distance driven 
is contained in the distance of the fall of the ram, divided by 8, 
is the number of times the weight of the ram that the pile will 
bear. 
. "SgoBi^ — A ram, 6 cwt, ialling 20 tt,, dm» & -^ <k^ 
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half inch {20 ft. = 480 half inches, 480 -h 8 = 60 x 6 

5 cwt = 18 tons). A ram of 8 cwt., falling 12 ft, drivea a 
pile one half inch. Now 12 fL the foM contains 288 half 
inches, which, divided hy 8, gives 36 cwt. H 8 =^ 288 cwt. ^ 
14 tons 8 cwt. 

mportant that the fihres of the timher, either as piles ot 
sleepeis, should not be subjected to such a force as might in 
way lessen or injure their cohesioD. An esceasive force apphed 
I fairly driving or driven pile shatters or opens its fihres, 
hroaka the pile probably deep in the ground, or causes its shoe 
to turn, and it hushes at the foot ; the timber will be much 
injured, oftentimes the pile rendered almoat useless, and so porous 
that springs will rise through it to the surface. It is alsc 
important matter for consideration whether, in the attempt to 
gain increased supporting power by prolonging the driving a pila 
p depth into or through (it may be hut only a veij 
moderate depth of) hard strata, there may not he beneath it u 
much weaker bed, with springs, loose sands, and the other 
dif&cnlties found. On the Thames frequently there will \» 
found beneath a firm bed of dark clay a crust of flints or stone; 
if this crust be driven through, a deep bed of sand, fully chaiged 
with water, is csually found. 

"Timber quickly perishes when subject to alternate changes of 
wet and dry, but remains sound for a long time under wat«t, 
particularly in some soils. There is a remarkable exampl 
Buch preservation in one of tlie piles of the bridge built bj 
Trajan over the Danube, which, when examined, was foujid 
petrified j hut this was not the case of more than the thiokuea 
of three-quarters of an inch, beyond which the timber was not 
in any way changed from its ordinary character. 

" The ringing engine, I have already mentioned, was used liy 
Perronet at the bridge of Orleans. He made soveral improw- 
ments in pile engines. I beheve one of the first steam pilB' 
engines was used in America for the construction of railways j \lf. 
this machine the ram was lifted four or five times a minute, bnl 
there was too much weight about it to come into general uat 

" This last machine, or ringing engine, baa been mueh iiB' 
proved upon in the common hand pile engine by BubstitutiDg * 
' " f vutead of the backstay. By framing this ladder, tlwi 
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e strong sideatays to a strong bottom frame, and 

1 crab or vindlaas to this frame, and by a apecieB of 

MceU catch or nipper, to which the monkey is suspended, 

, loots with a fixed obstruction to its upward passage that bends 

*he nipper downwards, and thus unhooks the monkey, which, 
falling from a height, strikes the head of the pile, driving it into 
the ground. Tlie hook or nipper and chain now descend, and 
the hook, coming in contact with the top of the monkey, locks 
Itself thereto, when it is drawn up again to repeat the operation, 
^eiy efficient results are obtained from the raachina Four to 
sis men will, on the average, give one blow in two or three 
»ninutes, such blow &om 6 ft. to 15 ft. of height. (The appli- 
ances generally in use are the ringing engine, hand pile engine, 
steam crab oi winch engine, patent steam pile drivers, and 
^asmyth's steam hammer), Steam has been endeavoured to be 
applied to such macliinery in many ways. The simplest takes 
'the form of the crab, being worked by steam either by banding, 
Kjcker, &C., or by a steam winch being fixed to the frame of the 
engine and worked from a portable boiler. Again, there are the 
patents of Nasmyth's, Sissons and White's, Toshach'a and Gil- 
bert's, all good. Nasmyth has appUed the principles of a steam, 
hammer to pile driving, and haa succeeded in getting sixty to 
ninety blows per minute, but at a very great cost and extreme 
complication, cumbrousness, and weight of the pile driver, — all 
fatal disadvantagea in a pUe driver. 

" Sisaons and White's patent is much simpler. To an extra 
strong framed pile driver a ateam winch ia fixed, with reversing 
gear ; a small boiler, adjoining pile driver, supplies steam at a 
high pressure. In the centre of the drum of the winch a toothed 
or spiked wheel is fixed ; these teeth pass freely through the 
links of a riveted fiat-linked chain ; this chain is endless pass- 
ing over a wheel at top of engine, goes down at back of leaders, 
and again passes round a small wheel at foot, and returns round 
the toothed wheel, and soon to the top wheel To the back of 
the monkey a frame is fixed by bolts ; in this frame two claws 
or nippers work freely, meeting upwards, the chain passing be- 
tween these when open. It is evident that by working the 
winch the chain must revolve by means of the spiked wheel ; 
this beii^ done the nippera are by a almtg "^iiU)^ to \\:i& cWo^ 
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which they catch, and the monkey is carried up a required di» 
tanoe, when it is set free by a couple of pins or etrlkeis looselj 
fixed in the back of the leadeis ; the monkey then falla, and ai 
the chain is constantly revolving the monkey is immediately (thi 
nipper string is pulled) picked up as before. The length of blow 
is fjtered by raising or lowering the striker plates. From five tc 
twelve blows per minute can be obtained &oni this muchine ; it 
takes a ram or monkey of irom 18 cwt. to 23 cwt When it ie 
worked with much speed, say to ten blows per minute, the vibra- 
tion is great, and if worked from the top of a cofferdam it is 
severely felt ; it ta simple in its action, and the only part liable 
to get out of order through wear or fracture is the nippers ant 
frame, but there is a great improvement on the old nippers whicl 
has just lately been brought out and patented. The nippei 
frame ia dispensed with altogether, and instead of the catchee^ 
taking hold of the tops of the outside links, a holt is pushed 
into the space between them, that is, into the open linh ; this 
bott is worked by an eccentric fixed in a cell made in the middle 
of the ram ; the eccentric is made to revolve by the lever being. 
drawn downwards by a cord, and the bolt ia thus shot into thS' 
open link. The atnlring-off staple is fixed on the outside of the 
' leaders,' and the other end of the lever striking against this 
staple draws the bolt, and the ram falls. This new catch has 
been tried at a job where many hundreds of piles have been 
driven, and it answera completely. The piles can be pitched or 
placed in position by an ordinary chain working alongside the 
fiat chain ; the engine can be moved by fastening the end of the 
rope ahead, passing it over a roller under the winch, and taking 
a turn round the barrel The travelling wheels are castors, so 
that by lifting up each side with a lever the castors can be, 
turned to run on a tramway at any angle. By a diiferent 
arrangement in the upright framing, piles can be driven 
tideway down to a depth of 30 ft. below the st^e on which the: 
machinery stands, the ram driving quite down to the ground., 
The total weight of the driver and boiler (supplied) is about S' 
tons, including the ram and mountings, which are 22 cwt. Thaj 
bottom framing of the driver is 7 ft. 3 in. square, and the boileej 
truck 5 ft. 6 in. square ; when in work the two are bolted to-' 
getber and travel on the same tramway. To work this pi] 
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driver it reqaires foui men, naniety, oue to drire the wiuch, one 
the stages to ahift the striking-off staple, one to attend the 
[e, aad ooe to work the catch. ^Vhen the ram has been struck 
the Bpeed of the chain must be reduced by partiallj cutting 
off the Bteam until the catchea are again closed. Four of thexe 
engines are at work on ttie Thames Embankntent. 

" Toshach'a pile driver is much upon the same principle, with 
the difference that the leaders are mode wider to allow room for 
vedge-formed pieces or inclines to slide up and down clear of 
the hack plato for treeing the monkey, as heteailer deacribeil, 
and also that long pins are passed through the endless chain, 
vbich has long links, say 12 in., and 1 in. diameter holes to 
receive them. On the main shall of the crab is fixed a cast-iron 
wheel, made of such a shape as to fit into and give motion to 
an endless pitch chain, which moves behind and as close to the 
leaders as possible, and round a similar wheel on the top. The 
chain is made to receive iron pins put through any of the links, 
and sufficiently wide to carry them up true and square. The 
pins referred to are made long enough to catch a fork tliat is 
attached to and projects from the monkey. The pin, by the 
raoti'jn of the endless chain, carries up the monkey with it, 
until the chun is forced back, clear of the fork by the wedge 
pieces, which are adjusted as required on the leaders. Care 
must be taken to prevent the monkey falling on a pin by keep- 
ing the pins wide enough apart. The monkey thus freed falls 
on the pile, after which another pin is ready to again take it 
up, and so continue the process until the pile is driven. The 
wedge pieces referred to are made of iron, and arc made to slide 
up Etud down the leaders by a winch handle at the bottom, 
which turns a shaft carrying two spiked wheels, which give 
motion to two chains that are attached to the inclines or 
wedge pieces, causing them to rise or fall as required, to reguL-ite 
the length of the stroka The fork attached to the monkey may 
be inarle to go through it or over it, and to reduce the friction an 
iron plate back is used instead of wood, to allow the chain to 
work as close as possible to the leaders ; friction rollers are also 
put on the monkey and back plate. To raise the pile a common 
chain is fixed to the pitch chain by a shackle or otherwise, and 
over the top of the framework. The pitck chaia ^ii^ setj in 
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motion draws the other along with it, and raiaea the pile. 
advantage gained hy this machine is the coutiniiHl motion of th 
endleea chain, which is always ready to pick up the monkey o 
ram immediately after it falls on the pile, thereby saving tb 
time usually taken up in puUing down ' nippers ' and slaol 
chain. A steam engine may be fixed alongside the crab, whid 
is moved altogether with the machine, or it may be driven witi 
a strap, from a portable, a steam winch, or other engine ; but tl 
gearing is so made that, where steam cannot conveniently be a 
plied, handles may be put, and the machine worked by hand, ] 
altering the distance between the pins, and by raising or lowai 
ing the bridge, the length of blow ia altered. This engine g" 
from 4 to 8 blowa a minute, and does not appear to get out a 

78. On Chain Testing Machines. — Sir William , 
read a paper on this subject before the British Asaociatioq 
which held its meeting at Birmingham, of which the following 
ia an abatract aa given in the " Civil Engineer and Architect"! 
Journal;" — "The engineering firm of which I am a membet 
having heen intruated with the conatniction of the apparatus fi 
testing chain cablea and anchors, lately established at Birkeih 
bead by the Mersey Harbour Tmatees, had occasion to ents. 
into a very careful consideration of the conditions requisite f 
ejecting the operation in the best possible manner. As publk 
attention has been forcibly directed of late to the importance <^ 
more accurate methods of testing chains and auchois, a few ob- 
servations on the subject of the Birkenhead machine will not st 
the present moment be mistimed. 

" The most important consideration in the construction of 
chain testing machine is to obtain an accurate indication of ll 
strain upon the chain. The hydraulic press has been for mUl 
years the appliance universally employed for exerting the stnui 
and nothing can be better fitted for the purpose ; but the me&od 
of determining the amount of the strain have been extreiadi 
imperfect. Moat commonly the atrain has been estimated \ 
I the indications of a mitred valve pressed down by a lever bid 
Tho imposaibility, however, of restricting the tighteft 

g surface of the valve to a definite annular line, so as to «• 
J Tfariation of area, rendered this mode of indi 
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lighly delusive ; so much ao indeed, tbat the attendants generally 
]»ij more regard to the indication afforded by the crackling of 
the scale on the surface of Uie iron than to the amount of load 
upon the valva By subBtituting a loaded plunger for a loaded 
Iv^ the uncertainty arising &oni rarlabihtj of Burface is ofavi' 
but a plunger requires a packing to make it watertight^ and 
le effect of the friction of this packing has to be considered in 
relation to the friction of the press. A plunger without friction 
would give untrue indications of the strain unless the press were 
also without Mction ; but friction cannot be avoided in the press, 
^J therefore friction becomes a neceasaiy element of accuracy in 
indicating plunger. To make this more apparent, it is only 
iessary to consider that in the press the friction of the packing 
tension exerted on the chain ; while in the case of 
indicator the friction of the packing lessens the weight ne- 
cessary to indicate the pressure. IS, therefore, these two frictions 
be in harmony, the load on the indicator will be dimiuished in 
the same proportion as the tension on the chain, and thus a cor- 
rect indiction of the Btrain upon the chain will be obtained. 

" The proper and usual packing for the hydraulic press is a 
cupped leather; but as the lip of the leather is pressed against 
the surface of the ram hy the action of the water, the amount of 
its friction varies directly as the pressure. It is therefore neces- 
sary that the indicating plunger should also be packed with a 
enpped leather, in order that its friction may likewise vary di- 
rectly aa the pressure. But as the ratio of circumference to area 
ia very much greater in the small ram of the indicator than in 
the large ram of the press, it is obvious that with similar leathers 
the relative friction would be widely different in the two cases. 
The friction may however be brought to a proper adjustment by 
reducing the breadth of the hu in the leather of the indicator 
until its friction is in unison with that of the press leather. This 
adjustment should be made when the press ram and the indicator 
plunger are both perfectly clean and free from any luhricating 
substance, and in no subsequent use of the machine should either 
oil or grease be applied to these parts. The effect of employing 
a lubricator ia to diminish the friction in the first instance, but 
aft^^ards to increase it, because the unctuous character of the 
lubricant is soon exchanged for a utickineaa, '«\x\(ih ^ntduoes an 
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opposite effect In fact, when greaae or oU is used, the frietioni' 
become so UTegalar as to render impoeaible an accumte corteapond- 
ence between the press and the indicator. 

" There is another desideratum in the testing of chains, which. 
requires a further elaboration of the indicating apparatus. Whea 
a chain breaks in the test, it is desirable to show, not only that 
it failed to bear the full test strain, but also what was the amonot 
of strain exerted at the moment of fracture. In the case of the 
Birkenhead machine, various indicators upon the principle of 
those commonly used for eteam pressure were tried, for the pur- 
pose of effecting this latter object, but none of them gave sati*- 
factory results. An apparatus was therefore designed for thia 
object, wliich has since come into very general use, under the 
name of the Pendulum Indicator. In this apparatus the pres- 
sure upon the indicating plunger is exhibited by the travel of s 
pendulum through a graduated arc The movement is comma* 
nicated from the plunger to the pendulum, through the mediunt 
of a compound lever. When a chain breaks, the pendulum 
falls back until stopped by a ratchet, but leaves a marker at tlut: 
exact point on the scale attained by the pendulum at the moment 
of rupture. 

" I have hitherto spoken of friction only in reference to tha 
packing of the apparatus. This friction, as I have already stated,, 
varies with the pressure, but there is also the constant frictioit 
due to the weight of the moving parts to consider. If thtf 
loachine be used exclusively for high strains in relation to its 
weight this constant friction will be unimportant ; but if a heavjf 
machine be used for testing light chains, a considerable element 
of error will be introduced, unless a prepoitionato friction of thfl 
same constant character be added to the indicator. Still, howi 
over, it is better that very heavy machines should not be uaed 
fur testing light chains, unless they be cunstructed with moiB 
than one press to act separately for light chains, and conjoint^ 
for heavy chains. "With this view the Birkenhead machine hu 
three presses, the centre one being used alone for hght strains, and 
the three acting in concert when great strains are to be exerted. 

" Although an hydraulic indicator, properly constructed aii4 
correctly adjusted in regard to its friction, may be safely relia] 
upon as indicating with sufhcient precision the etrain exerted !;( 
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achine, yet for the purpose of ascertaining in the first in- 
stance when correct adjustment has heen attained, and also of 
detecting any discrepancy which may aubsequeatly arise &om 
dirt upon the ram or plunger, or from any other cause producing 
inegulsr friction, it is necessary that every machine should tie 
provided with a lever indicator, to which the chain may be di- 
rectly applied, and the strain ascertained by the lifting of a weight. 
Sadh am apparatus requires to be accurately fitted with knife- 
edge bearings in order to afford delicate indieationa, but, as these 
are liable to deterioration by too frequent use, it is better to re- 
eerve the lever apparatus as a standard of reference for adjusting 
the hydraulic indicator, which is not liable to deterioration by 
use. It is not necessary that the lever indicator should range as 
high as the hydraulic indicator, for if the two indicators register 
alike through a sufficient series of the lower strains, no discrepancy 
would be manifested if the comparison were carried to the highest 
powers of the machine. 

"I may here mention that nothing so soon deteriorates the 
lever apparatus as inadequate length of the knife-edges in relation 
to the strain upon them. The conclusion arrived at in the Els- 
wick Works is, that not less than one inch length of edge should 
be allowed to every five tons of strain upon the bearing, 

" In the arrangement of a puhhe chain testing establishment 
it is desirable that the apparatus for the various operations should 
be placed in such succession as will allow the chains to move 
fram process to process without any retrogression. The Birken- 
head chain testing establishment commences with a store-room 
for the reception of unproved chains. From the store each chain 
IB dragged by a steam power capstan through an opening in the 
partition-wall on to the testing-bench of the machine. It is there 
made fast at the one end to the press, and at the other to a cross- 
head supported on hve rollers, which cross-head may either abut 
gainst a stop or be connected with the lever indicator. After 
the chain has been proved it ia draped by a second capstan di- 
rectly forward in tbe same line into the examining room, and 
there stretched apon one of the benches, where it undergoes a close 
inspection. If found perfect it is then hauled forward by a third 
capstan thioogh the heating oven and blacking trough, and is 
jjuBea paeeed oomplets into the deUveiy etoie 8& ilax, o^^iMiln vod. 
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of the establMiment. The course of the chain being tbua in one 
straight line, it ia necessary to carry it over the machinery at each 
end of the testing-bench, and to accomphsh. this a channel of 
wronght-iron is fixed over the machinery to eapporfc the chain ia 
its passage. Should the chain fail ia the test, or be found d 
tive on examination, it is drawn off by one of tbe capstans to 
smiths' fires placed on the floor of the exanuning room, and, after 
repair, is again hauled to the testing-bench for a second proo£ 
For the convenience of handling heavy chains at the smiths' fires 
an hydraiUic crane is connected with each fire. Between the 
testing and examining rooma there is an intermediate room called 
the indicator room, in which the lever and hydraulic indicators 
are placed, and the valves of the apparatus manipulated by an 
attendant in view of the indicators. Anchors are received into 
the same store-room as the chains, and the usual appliances are 
provided for fixing them in the teat. Over-head cranes are 
ployed for lifting the anchors as well as for lifting the chains in 
the two stores. There are two testing machines in the establish- 
ment, fixed at opposite sides of the room. These are similarly 
arranged ia every respect, hut one of them is adapted to teat up^ 
to a strain of 200 tons, and the other to 300 tons. The hy- 
draulic pressure is supplied fcom a neighbouring accumulator ui 
for a system of hydraulic machinery at work in the adjacent dock. 

" As the general practice ia to make chain cable in lengths of 
fifteen fathoms, the Birkenhead machines are adapted for thai 
length The Board of Trade have recently fixed upon that length ■ 
as the limit of length of chain to be tested at one time. The 
propriety of their so doing has been called in question, but I may 
state that it is the opinion of those persons who have the man- 
agement of the Birkenhead machines, that no advant^e of any 
kind would bo gained by testing chains in greater lengths. If 
there is to be a hmit it ia clear that such limit is best fixed at 
the length at which chains are usually made, 

" There is besides a positive objection to exceeding that Umi^ 
because a greater length than fifteen fathoms cannot be tealatj 
without the use of intermediate supports, which, whether tbey 
be slides or rollers, are objectionable, as being liable to produce 
variations of strains in different parts of the chain. Another 
objection to permitting indefinite lengths of chain to be tested 
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fit one time arises out of the stretch to which chains are Babject in 
testing. This stretch occasionally amounts to five feet ia fifteen 
fathoms, and if that length of chain were greatly exceeded it 
would involve a press of very inconvenient length, or necessitate 
taking repeated holds of the chain, which would be highly ob- 
jectionable. I think, therefore, that the Board of Trade have 
scted wisely in impmtng a limit, and in fixing that limit at 
filteen gttboms." 
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MECHANICAL APPLIANCES. 

79. Screw Threads. — A special Committee of the Frankin In- 
stitute (United States), was recently appointed to investigate the 
subject of a ''uniform system of screw threads," and the follow- 
ing ia their report: — "That in the course of their iuveatigations 
they have become more deeply imptesaed with the necessity of 
some acknowledged standard, the varieties of threads in use being 
much greater than they had supposed possible; in fact the diffi- 
cnlty of obtaining the exact pitch of a thread not a multiple or 
sub-multiple of the inch measure is sometimes a matter of extreme 
embarTAssment, 

" Such a state of things must evidently be prejudicial to the 
best interests of the whole country, a great and unnecessary waste 
is its certain consequence, for, not only must the vajioua parts 
of new machinery be adjusted to each other in place of being in- 
teichangeable, but no adequate provision can he made for repairs, 
and a costly variety of screwing apparatus becomes a necessity. 
It may reasoBably be hoped that should a uniformity of practice 
result from the efforts and investigations now undertaken, the 
advantages flowing from it will be so manifest as to induce re- 
form in other particulars of scarcely less importance. 

" Your committee have held numerous meetings for the purpose 
of considering the various conditions required in any system 
which they could recommend for adoption. Strength, dumbUity, 
ifi& reference to wear Hoju constant 'osn ixA cAaa iJl OQ^i 
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tion, would seem to be the principal requisites in any general 
systom, fur, olthoiigh in muny cases, as, for instance, when a squan 
tliread is used, the strength of the thread or bolt are both sacrificel 
for the sake of securing some other advantage, yet all auch bavs 
been considered oa special cases, not afTectiag the general inqnirj^ 
"With this in view, your committee decided that threads having 
their aides at an angle to each other must necessarily more nearly 
fulfil the first condition than any other form ; but what thi«l 
angle ahould he must be governed by a variety of consideration^ 
for it is clear that if the two sides start from the same point at 
the top, the greater the angle contained between them the greater 
wUl be the strength of the bolt ; on the other hand, the greater 
this angle, supposing the apex of the thread to be over the cen- 
tre of its base, the greater will be the tendency to burst the nnl^ 
and the greater the friction between the nut and the bolt, ao 
that if carried to excess the bolt would be broken by toraional 
strain rather than by a strain in the direction of its length. I^ 
however, we should make one side of the thread perpendiculars 
to the axis of the bolt, and the other at angle to the iirst, wa 
should obtain the greatest amount of strength, together with the 
least fictional resistance ; hut we should have a thread only suit- 
able for supporting strains in one direction, and constant car* 
woiUd be requisite to cut the thread in the nut in the prop«t 
direction to correspond with the bolt ; we have consequently 
classed this form as exceptional, and decided that the two sides 
should be set at an angle to each other and form eqoal angles 
with the base. 

" The general form of the thread having been determined upon 

I the above considerations, the angle which the sides should beaei 
to each other haa been fixed at 60 deg,, not only because tliit' 
seems to fulfil the conditions of least frictional resistance, com-- 
bined with the greatest strength, but because it is an angle moztt 
readUy obtained than any other, and it is also in more generai 
use. As thia form ia in common use almost to the exclusion cA 
any other, your committee have carefully weighed its advantages 
and disadvantages before deciding to recommend any modificar^ 
tion of it It cannot be doubted that the soft thread offers us 
the simplest form, and that its general adoption would require no 
^^ £feoial tools for its construction ; \kA. tia ^alciCa.'i,-^ 'wi ttRta.^iA, «!» 
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ways great, becomes a seriona matter npon large bolts, while the 
small aiaoQiit of strength at the eharp top is a strong mducement 
to sacrifice some of it for the Bake of better protection to the re- 
in;utider ; 'while this conclusion is reached it is at once evident a 
corresponding space may be filled up in the bottom of the thread, 
and thus give an increased strength to the bolt, tvhich may com- 
pensate for the reduction in strength and wearing surface upon 
the thread It is also clear that such a modification, by avoid- 
ing the fine pninte and angles in the tools of construction, will in- 
crease their durability ; all of which being admitted, the question 
comes up what form shall be given to the top and bottom of the 
thread! for it is evident one ^ould be the converse of the other. 
It being admitted that the sharp thread can be made interchange- 
able more readily than any other, it is clear that this advantage 
would not be impaired if we should stop cutting out the space 
before we had made the thread foil or sharp, bat to give the 
same shape at the bottom of the thread would require that a si- 
milar quantity should be taken off the point of the cutting tool, 
thtis necessitating the use of some inatmment capable of measuring 
the required amount, but when this is done the thread having a flat 
top and bottom can be quite as readily formed as if it was sharp. 
A very slight examination sufhced to satisfy us that in point of 
construction the rounded top and bottom presents much greater 
difficulties, in fact all taps and screws that are chased or cut in a 
lathe required to he finished or rounded by a second process. 
Ae the radius of the curve to form this must vary for every 
thread it will be impossible to make one gauge to answer for all 
sizes, and very difficult, in iaot impossible, without special tools, 
to Bhape it correctly for one. 

" Your committee are of opinion that the introduction of a uni- 
form system would be greatly facilitated by the adoption of such 
a form of thread as would enable any intelligent mechanic to 
conatmct it without any special tools, or if any are necessary, 
that they shall be as few and as simple as possible, so that al- 
though the round top and bottom presents some advantages when 
it is perfectly made, as increased strength to the thread and the 
best form to the cutting tools, yet we have considered that these 
are more than compensated by ease of construction, the certainty 
c^ fit and incu^esseJ wearing surface offered >i^t\i&&ibX'(0'gKu^W\r 
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torn, and therefore recommend its adoption. The omoimt of flat 
to be taken off should be as email as possible, and only anfficien 
to protect the thread ; for this purpose one-eighth of the pitch 
would seem to be ample, and this will leave three-fourths of tha 
pitch for bearing surface. The considerations governing the pitch 
are so variona that their diacusaion has consumed much time, 

" As in every instance the threads now in use are stronger 
than their bolts, it became B question whether a finer scale would 
not be an advantage ; it is possible that ii' the use of the screw 
thread was confined to wrought iron or brass such a conclumoa, 
might have been reached, but as cast iron enters so largely into 
all engineering work it was believed finer threads than those ia 
general use might not be found an improvement, particularly when 
it was considered that, so far as the vertical height of thread and 
strength of bolt are concerned, the adoption of a flat top and 
bottom thread was equivalent to decreasing the pitch of a eharfr 
thread 25 per cent, or what is the same thing, increasing tha 
number of threads per inch 33 per cent. If finer threads were 
adopted they would require also greater exactitude than at pre- 
sent exists in the machinery of constructioo, to avoid the liability 
of overriding and the wearing surface would be diminished 
moreover, we are of opinion that the average practice of the me^ 
chanical world would probably be found better adapted to the 
general want than any proportions founded upon theory alona. 
We have taken eome pains to ascertain what the proporti 
use are, and submit the following as being in our judgment a faiz 
average, viz. : — 

Diam. ofbolt i A i it i ft i I i 1 U 1* 

Threodfl per in. 20 18 18 14 13 12 11 10 8 8 7 7 

Diam, ofbolt I| 11 IJ If tj 3 21 2} 2} 3 S| SI 

Thmd* par in. 8 8 6* « 5 4* *i 1 * Sj Si S{ 

Diam. ofbolt SJ 4 4} 4) 43 fl 61616} 8 — — 

Threadsperin 3 3 21 Sj 2} 2i 2i 2| Sf 2J _ _ 

" The proportions for bolt heads and nuts, as given ia mosl 
of our books of reference, are boheved to be larger than 
sary, and all are tabulated, necessitating constant reference, 
simple formula would probably induce a uniform practice, hut 
most oi the sizes in common use &re mada b^ uiachiaerY and a] 
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by band, it is believed tbe bolt-head and nut for finisbed work 
Bhoald be made somewhat smaller than for rough, to avoid the 
confusion that would ensue if the necessary allowance for dress- 
ing ahould be made upon work intended for finiEhisg. 

" In conclusion, therefore, your committee offer the follow- 
ing : — 

" Resolved, That the Franklin Institute of the State of Penn- 
sylvania recommend for general adoption by American engineers 
Iba following forms and proportiojia for screw threads, bolt- 
heads, and nuts, viz ; — 

" That screw threads shall be formed with straight aides at an 
angle to each other of 60 deg., having a flat surface at the top 
and bottom equal to one-eighth of the pitch. The pitch shall be 
as in the preceding table. 

" The distance between the parallel sides of a bolt-head and 
nut for a rough bolt shall be equal to one and a-half diameters of 
the bolt, plus one-eighth of an inch. The thickness of the heads 
for a rough bolt shall be equal to one-half the distance between 
its parallel eidea. The thickness of the nut shall be equal to the 
diameter of the bolt. The thickness of the head for a finished 
bolt shall be equal to the thickness of the nut. The distance 
between the parallel aides of a holt-head and nut, and the thick- 
ness of the nut shall be one-sixteenth of an inch less for finished 
work than for rough." 

80. Drills, Chucks, &c — "We take the following batch of 
notes and illustrations from the " Scientific American." 

(a) Standard Twist Dnll. — "There is no tool more indiapen- 
sable in a machine shop than the drill, yet, stnmgB as it may 
seem, very few persons take much pains in making one properly, 
or using it right when made. In half the machine shops in the 
country, drills lie around on the floor, or are left sticking in win- 
dow comers where no one can find them. They are also altered 
at will by any person who is too lazy to look for the proper size ; 
they are improperly ground, and, in short, ill used in so many 
ways that great delay and loss ia the result. 

" The Manhattan Fire-arms Company, of Newark, N. J., have, 
&t great expenditure of time and money, perfected a system for 
manufacturing twiat drills for the trade, and a sample of them 
ia shorn) herewith. As a specimen of wrtr VvrmnAvi^ ^iiORab 4^^ 
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have been greatly ftdmired by all mechanics, and as toola are un- 
equalled. We have had on opportunity of eeeing theee drills at 
work, and they certainly cut to perfection. They feed easily and 
without straining through the work, and leave a round, true hole 
from end to end. 

'' These drilla are all turned from shank to point in a turning 

lathe, and milled out in the grooves by a peculiar machine invented 

y Mr. Arnold, of the Manhattan Fire Arms Co. ; they are of 

[ standard aizee, varying by 32d3 of an inch, from ftha up to 1^ 




I inch, so that a hole of any known size can be made with the 1 

set ; any auch hole drilled to-day will fit the same work yeara 
I hence. Machinists will see fhe gteah wl.\Q,Ti\a%* tfe»!i!iQ^ feata j 
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this feature. They are tempered up to the end of the twiat; and 
one may be run into the ahank without withdrawing it from the 
work to clear the ohipa 

" Aecompanying these drills an* sockets, like that shown by 
the side of the tool illustrated. These are to be fitted in the 
machine the drills are to be used in, and may be planed square 
on the blank end or turned taper, for which purpose a plug centre, 
C, fig. 23, is fitted in and a centre left in the other. The ahank 
of the drill iita in the socket, and the flattened end. A, is held 
by the keyway, B, in the socket, so that the tool cannot turn ; 
a key driven into this keyway loosens the drill, so that it can be 
taken out. 

" The advantages to be derived ftom the use of these drills 
over those ordinarily made are very great ; they are always ready 
for use; any size can he foand in the set without altering; they 
require no dressing, and when properly used will last for years. 
They are, withal, sold remarkably cheap, much lower, in fact, than 
they could be made by individuals. They are about twelve 
inches long, and will drill from seven to nine inches deep ; they 
are mode of the best cast-steel, and are, in all respects, firat-class 
goods. They are now in use in the United States Navy Yard, 
at Brooklyn, and all over the country, by our largest raanufac- 

" For smaU metal workers, such as model makers, watch and 
clock makers and dentists the Company make drills of Stubb's 
steel wire, with straight shanks of all sizes, from No. 1 to 60, 
which ia about l-32d of an inch," 

(6.) Smith's Rivet. — " In riveting with the common solid-end 
rivet, it L9 a common experience, even with the greatest care, to 
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have the rivet 'cant' over and spring the whole job nut of 
^fco common for a mechamc OT oftiM ■jtsiMKi.'wi ^GSi.% 
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from five to twenty-five blows before he caa form a proper head, 
or clinch, on a rivet, even under the most fevoiirablecircuuiBtancea; 
and also when riveting on leather or other soft material, to have 
the rivet 'dance round' so as to render it almost impossible to 
form a head at all. All these difficulties are entirely obviated by 
this improvement, which uonsists in countersinking the eud of a 
rivet, as shown, so that when this rivet is struck with a stunt 
punch, or set or aqueeneii with an eyelet nipper or other suitable 
tool, the outer edge will easily turn over ao as to form a hand- 
some and substantial head, as compared with the bad jobs wliich 
frequently disfigure all kinds of ortieles on which rivets are used. 

" The improvement is applicable to all kinds and sizes of 
rivets ; the countersink can be made of any required depth, and, 
in the opinion of experts, with very slight alteration in the com- 
mon rivet machine, be made as cheaply and quick us common 
rivets are now made." 

(c) New Chuek/or Wood or Metal — " Several kinds of chucks 
are employed for holding work between two centres ; tor wood, 
prong chucks or square hold are the moat common ; for metal, 
dogs ai'e usually employed ; the disadvantage of the above-named 
chucks for wood is, that the work frequently geU out of centre, 
when any pressure is used, and it cannot he taken on and off for 
examination without a risk of misaing the centre, when replaced. 

" The disadvantage in using doga, when turaing metal, is the 
necessity of turning the work end for end, which requires the 
dogs to be shifted — when you wish to turn a cylinder, for instance, 
or when you wish to file a cylinder on the lathe; and another 
nuisance of dogs is, the catching of the tool or fingers gainst thu 
projecting points of the doga. 

" To obviate these inconveniences, I invented a very simple 
contrivance for holding work between two centres, which ia 
equally npphcable to wood or any kind of metal, and the same 
chuck will hold as firm as a vise a piece of wood or metal half 
an inch or even twelve inches in diameter. It, moreover, enables 
the tool of the slide rest, or the hand tool, to pass over the whole 
length of the work, without turning it end for end ; and you can 
take the work off fifty times and replace it with perfect accuracy. 

" This chuck is merely a short cylinder of brass or of iron, 
wJiiab screws on to the lathe 'hea'' "^'>i wa'i^aXvo^atvKiiw^-ai^^i^iBi. 
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the centre of the other end, and three steel pointa at a short iIb- 
tance from this centre point, but not projecting quite na far out. 
These three points are equidistant from each other and from the 
centre point The projection is about one-quarter of an inch, 
more or less, according to the nature of the work. 

" Fig. 25 shows the face of the chuck with four points pro- 
jecting. Fig. 2G shows a side view of the chuck. 




" To mRke this cliuck I drill four holes in the face of it, each 
about half an inch deep, with a drill corresponding with any size 
of Stubb's steel mre — one of my chucks is drilled to No. Ifi, 
another to 22. 1 then out off three pieces of Stubb's steel wire 
of one size smaller than the holes drilled, and pouit each 
one on the lathe, and dip the blunt ends into melted tin after 
dipping them into muriate of zinc. I heat the chuck on a stove, 
drop into each hole a little muriate of ziuc, and then, with a 
pair of pincers, put in the steel wires, with the points outward ; 
and when cold the chuck is finished. To use it, drill a centre 
hole in each end of the work to be turned, with the same drill 
employed to make the four holes ; put the centre point of the 
chuck into the centre hole of the work, "give it a tap with a mrflet, 
and you will have three marks, which will enable you to drill 
the other three holes in the work, with the same drill 

" These four points, when inserted into the jpiece to be turned, 
■ «nd when the other end of the piece is held by the point of the 
ftpnppet head of the lathe, will keep it as firm as if held by a 
a ibe taken off and replaced mttiotA lagwi. 'Wi WxOi^ 
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of the three outer points is inserted — for if drilled equidistant 
all will fit the work, 

A bar of metal, in which the fonr holes have been drilled, 
bo iLaed up until within one-fourth of an inch of the end, and 
once the chucks are made and the proper drill at hand, it will be 
found SB easy to mark and drill the fuui holes in the work a 
adjust and screw up a pair of dogs, especially if you have several 
pieces of metal or hard wood to turn. 

" I have found — equally with others to whom I have shown 
my chucks — so much comfort in the use of thera, that I freely 
impart to any mechanic the knowledge bow to make this chuc^ 
and the right to use it." 

(d.) Chuck io hold Sheet Metal, ^c. — "To turn a thin, pieoo 
of sheet brass circular, and then to mill its edge, requires time 
and skill ; first, to fasten the uneven piece of brass plate to s 
wooden chuck by means of screws, in order to turn a cii 
disk ; and, secondly, to fasten that disk between points and a 
centre, to hold it true and firm during the time needed to mil l 
its edge. Unless great care be taken, the sheet bars will be 
indented by the points and the centre-point To obviate thesa 
difficulties, I adopt a very simple and quick mods of fastening 
the metal plate to a chuck. 

"Some of your readers may suggest that the plate could be 
secured by shellac or cemeat. This plan ia the true principle^ 
but the slightest blow would detach the plate and spoil tbo 
work. I^ however, you use solder as a cement, the adhesion ia 
perfect ; and by the following plan, in a few mimites, the plate 
can he fixed bo firmly to the chuck that no blow or jar will 
afiect it 

"As I have found old hands at the lathe entirely ignorant of 
the process of soft soldering, and as I have laboured for yean 
imdet the same disadvantage, it may interest some of your young 
subscribers to know how to attach two pieces of metal in a few 
seconds. This is efiected by placing on each piece, with a leather 
or small brush, a small quantity of muriate of zinc, and then 
holding each piece over a spirit lamp — taking care not to inhale 
the former — and when it boils rub the plate with a thin stick of 
pure tin or solder ; I prefer tin, which I melt in a ladle, throw 
QUt with a jerk on a meta,\ oi atoua al&b, an as to form a sheet 
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when cold, and then cnt into stripes a tittle larger than &n 
ordinal; match. I, however, prefer drawing the tin into wire 
of differant thicknesaee, and uaing it in that state. Any one can 
make the muriate of zinc hj filling an ale glass one third fall 
with mnriatic acid, and adding pieces of zinc (in the open air) 
until it will diaolve no more, then pour it off clear, Ab an ex- 
periment for the learner, let him heat a cent by a spirit lamp, 
placing a drop of muriate of zinc on it, and thee rubbing a small 
quantity of tin on it, while the cent is held by a pair of pincers ; 
then take a copper tack, dip the head in muriate of zinc, and 
place the head on the middle of the cent, which is still held by 
the pincers over the lamp ; in an instant the head of the tack 
will become turned, and when both are cool press it with the 
foot into the floor. The fiist person who sees the cent on the 
floor will try to pick it up, and he will enjoy a laugh at the 
other's expense, and, at the same time, have taken the first lesson 
in soldering. 

" Bat to return to my chuck, which I call my ' solder chuck.' 
It would answer to heat any thin brass chuck and tin its face, 
then to heat the sheet brass you wish to turn round, and to tin 
it also ; placing the two tinned surfaces together, you heat them 
and let them get coo!, with a weight pressing them together 
until cold ; but this would consume too much time and alcohul. 
I therefore make my chucks of brass or iron, with a steel male 
screw, piojeoting not quite one-fourth of au inch beyond the £ice 
._ of the chucks. (Fig. 37.) 
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they are of different diameters, to mpport smolleT or hr^isr J 
pieces of brass plate, according to the diameter of aizea I m^ f 
wish to turn. One side of these washere I tin by the proccH f 
hefore described. I now take a piece of sheet brasn {square di J 
any other shape), mark the centre with a point ; thea I tin, u 
before described, a place about as large as the washer to be used; 
then I place the tinned side of the washer on the sheet brass, ia 
the centre, which you see through the hole in the waeher ; lat 
the whole be heated over a spirit lamp, and cooled, and tltia 
operation — which will only take a minute or two — featens the 
sheet brass to the washer perfectly, and you now can screw the 
waaher on to the chuck. You can thus turn the sheet brass 
round with perfect accuracy, and mill its edge if you choose, as 
our silver coin was formerly milled on the edge, and then if yuu 
wish to form the bottom or top of a metal box, you can tunf 
a groove to receive the body of the box. To disconnect the 
flnished disk from the waaher, you heat It over the lamp, and 
separate the two while hot, rub off most of the tin ivith a piece 
of newspaper, and, when cold, the iBst of it with sand paper. I 
have before me a flat, round brass match bos, made in this way ;, 
grooves were turned in the top and bottom disks, and short 
pieces of brass pipe were soldered into the grooves in the same 
way as above described ; the bottom was turned with eccentric 
circles to strike the match on, and the top ornamented with 
looped figures by an elliptical cutter ; the box was then bronzed, 
it might have been plated or gilted, 

" The above description iUnatratoB only one kind of ' solder 
chuck ' for turners. It will suggest, however, a variety of othee 
plans for attaching work to be turned by the adhesive piopertiee 
of solder. For instance, when I wish to turn steel ' in the air* 
with great acenracy, I bore a hole into a brass chuck to recetytf 
one end of a bar of steel, which I solder into it, and thus avoid! 
the possibility of shaking, so usual in universal or die chucks." 

(81.) The Displacement Lubricator. — "Lost week, in a parft 
graph, we called attention to Mr. Ramsbottom's patent, to whiol 
attention may again be directed as introductory to the iUosttl 
tions we have considered it necessary to give in further expUu 
tion of the patent. 

" The Jabricatot, aa shown, in. "E\%, ^% , i 
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vessel, A, for contamicg the oil or labrioator ; the veseel le cun- 
tiKtad by means of a ewan-neoked braooh, B, to the cylinder or 
sham pipe, as the case may be. To put the lubricator in actiou 
llie ping C is unscrewed, and the vessel completely filled. The 
plug is then replaced. When working, the steam enters Ihu 




fcrancti, and a portion is oomlensed on the surface of the oil ex- 
posed at the orifice d ; this portion, being heavier than oil, sinks 
to the bottom of the vessel, and displaces a coirasponding quantity 
of the lubricant ; the vessel is consequently always full, eitiier of 
the lubricant or the water, or both. The water may be removed 
by a syphon in the usual way. In the case of a high pressure 
stationary engine, the vessel is mounted on a bracket attached to 
the wall of the engine-house, with an inclined pipe connected to 
the cylinder cover direct. In this case the vessel may be made 
large enough to contain a week's supply. The arrangement at 
Kg: 38 — appliaatioa to the steam pipe i;^teo\. — ^ia ttie ygfeCTLbb 
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ooe,beu9 mppliaUe 
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Talve u Applied to tha bnak at 3 

8Z Boiling Frietian. — " F*ir m 




endeavoored to find means to tntad tiw tnetkn <d sQ 
tiona of ghafting in theii Iteanngs ; the impottanm of mdi 
covei7 u therefore tmiversaUy tecognind. ISie 
attending every method at preaeat in pncttee are well 
it is therefore tmneceseary to enameiale them. All that 
hitherto been done is to economiae in Tstioas ways the lubiicat-! 
ing agent, aa, for ioBtanoe, by Babstatattng oQ far grease, 
arrangements more or leas ingenious^ nf which eereral have soo- 
ceeded to an extent, and have been used on an extensive scale in 
lai^e and powerful machinery. Scarcely satisfied with this, and 
looking deeper into the matter, Itfesats. S. Batlly, C. Dnran^ 
G-, H. Mesn&rd, and Z. Poirrier, have attained a result which 
enables them entirely to dispense vdth lubrication by greasy 
matter, to give a much more free and easy motioQ, and sensiblf 
lessen the wear of the parts in contact This is efiected by the 
substitution of rolling friction for that of rubbing surface in the 
bearings of eliafting in machinery and asletrees in all kinds of 
vehicles. 

" The system for horizontsi bearings, of which an engravin; 
annexed, consists in the application of spheres A, fig. 
end of the bearing, such spheres roUing in throats or necka a, 
is turned upon tlie shaft or axle B, and in the end plate C, whii 
spheres are always kept equidistant from each other by a cyli 
ilrical envelope U, with embrasures in the ends to receive 
spheres, the action of which envelope is to turn the spheres ahoi 
in every sense, thereby ever changing in the most 
ner the points in contact, and producing, according to the invei 
ors the moat harmonious motion yet discovered, reducing frictic 
to a minimum, rendering lubrication uunecessary, while, ttotn 
rolling action the bearings can never become hot. It will be 
from the engraving that each bearing is in itself a perfect thi 




g those erpenaiYe a.Traiigemenl.s at present in nu 
iaiy. It will also be immediately rccugnisGd that ia the 
tt of this arrangement it Is positively less than the present 

ft block, with its brasses, &c 

feo distinct principles of economy result from this inven- 
plet. Dispensing with the nse of lobricating mattet, while 
tag friction will never be sufficient to develope heat enough 
^ the beariugs hot, as haa been satisfactorily proved by 
lltical espeilence of the patentees. Sd. A very material 
^ in the power required to overcnme the reaistance, 
I the easy movement of the a:t!es In their bearings, and 
lently a considerable saving of faeL 3d. Yery Httle wear 
parts, inasmuch as there is no rubbing surface." 
1^ Locking Nuts and Serewe. — From a profusely illu»- 
fcrtide in the "Engineer," June 9th, 1865, we take the 
kg extracts: — "To nothing more than to practical me- 
tif the Spanish proverb apphcable that ' for want of a nail 
IB was lost, for want of a shoe the horse was lost, for want 
Ue the rider was lost, and fell into the hands of the 
IQie mechanic who neglects small things will fall through 
\, and mao; an accidient baa Veil ceu»^ Vi ^ 
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glacted loss of a split pin. A nwt or female thread is only ktjit 
on the ecrew by meana of friction, and there in, in most applioa- 
tiona of a oat, a conttuaal tendency for it to overcome the fric- 
tion that keeps it from running down the spiral inclined plane. 
Jar or vibration, which simply meana a more or leas amount of 
sliaking, greatly inteuslQes this action, and sooner or later tho 
unlocked rnit must get shaken back in the only direction it can, 
follow. This effect is naturally very much felt at the fieh joints 
of permanent way, by means of the continual jai caused by the 
passage of the trains. Mr. F. M. Parsons once stated, before the 
Institution of Civil Engineers, that he bad examined, on one 
occasion, a number of fish-plates which had been laid down sbout 
twelve months on the Great Western. He found that 'ia 135 
pairs of joints, each pair having eight bolts, 361 bolts were loose, 
and six were out altogether, though they bad been tightened up 
within forty-eight hours.' 

" A very great number of devices have been accordingly io' 
troduced for locking nuts, more or less efBcient, and more or leas 
applicable to a number of different oases. It is clear that good 
worltmanahip, producing a proper and equable friction, must lie 
one of the soundest means for keeping a nut tight, and making it 
less liable to be shaken off, A true fit between the thread and 
the nut prevents any unequal strain, and, inducing proper ad- 
hesion between the surfaces, keeps the parts from shaking loose, 
and does not allow any range for the jar. The bearing surfaces 
of the bolt-head of the face of the nut should be square with 
the axis of the bolt, while the hole in the objects screwed up 
should be similarly square with their surfaces. A bearing on one 
side, and on a narrow surface, must both strain the threads and 
quicken the loosening teudenniea of vibration. Absolute prac 
tioal truth of this kind is, however, only obtainable by very good 
workmanship, which will always be more or less expensive. . 
" Amongst the rough and ready plans for the purpose is ri 
ing back the end of the bolt on the nut. This is often done w 
the bolts used for fastening wheel tires to the rim. For o 
part, we cannot see why a rivet should not be used at on 

t in this case. Corrosion also sometimes fastens a nut on jj 
itly. Very generally used devices are pincliing screw:^ sj 
k end split cottars. These are generally calculated for a fi 
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Fig. 30. 

and unvarying position of the nut, but locking plates (or platen 
fitted over one oi more heads), and more especially lock nuta (or 
aa additional nut above another) allow periodical adjustment to 
wear or other necessities. I/)i:k-nuts, however, though the most 
generally used of all contrivances of this kind, are subject to 
several difficulties. The principle upon which they act is that 
the pair bring each other into mutual strain and friction against 
the threiada of e-ach. 

" The greatest demand for e, cheap and efficient means for lock- 
ing nuts is evidently to be met with on permanent way. This is 
dne, in the first place, to the necessarily cheap and inferior work- 
manship employed in making the numerous bolts required for 
the fished joints of a line, and to the continual vibration acting 
on an innumerable number of bolts spread over long distances. 
It is thus natural to expect that Mr. W. Bridges Adams, who 
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proposed and introduoed a number of contrivances for ceunta 
acting the continual ly-felt evil of the bolte and nuts of the join! 
getting looae. Amongst these is that consisting of ' a wedgi 
form washer or oDilar,' placed between the hole in the fish, an 
round the bolts, ' so that, when screwed up, it will jam the "bii 
hard.' The nex^lan of Mr. Adams is that of a wedge-shape 
piece of plate, driven in between the nuts, the onder aide of th 
heads of which are bevelled at all the four comers, ' or a groov 
may be formed round the aide, ot across them, so as to retain tb 
lock plale ; and the lock plates may be curved to act as a sprinf 
or the enda or corners may be made to turn up, to prevent then 
from getting rent' As the bolts have to be screwed into convB 
nient positions in order to wedge in the platea, ' washers of mor^ 
or less thickness may be used to accomplish it,' ... , 

" The counteracting tendency of screws with opposite threads hn 
oflien been taken advantage o^ with more or less success, in keep 
ing themselves from working loose. Amongst these is the plu 
of Messrs. E, Richardson and J, L. Eillups, who fix the fishes o 
permanent way by means of left and right-handed screws. Tb 
fish plates (Fig. 30) are tapped to correspond with the threada o 
the screws, 'which aio turned to draw' the fishes tc^tfaer b^ 
means of a key placed cm either or both of the bead^ at that 
ends.' 

"A neat and, probably, effectual device — though not withoa 
its disadvantages — is that of Mr. Murphy. He grooves the boB 
transversely or even spirally, and into one of these groovea hi 
fits either a pin, or taps a. small screw. The number of grooTM 
in the nut and the bolt can be of course varied. I5y having onlj 
one groove in the screw of the bolt and two in the screw of tb 
nnt, the key or pin can be inserted at each half revolution of thi 
nut ; with one in bolt and three in nut, then the key can be in 
serted at every third of a revolution, and so on. 

" Captain Tyler, one of the inspectors of railways of the Boafd 
of Trade, patented some years ago a form of locking plate, to ht 
dropped on the bolts of the fish joints, in order to prevent thi 
nuts getting loose. The woodcut illustrates a plate of this kin^ 
in combination with a, form of rail joint afterwards patented b] 
the same inventor. The bolts, as will be observed, have plail 
stews, and heads at eacli end. Ona ol 'Cna '^u»&a'Sj^<A SJes.'S 
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dinary ahape, the other boing oblong. The bolts are made of 
the length required, and in one of the fishes ' a long and nftirow 
hole is made, corresponding in shape with the oblong head of the 
bolt' While the whole is temporarily clipped tc^ether, the bolts 
are inserted and turned one quarter round. A locking plate is 
then slid over the heads, thus sectiring them from ahaking loos& 
"As an improvement on the ordinary jamb nut, Mr. T. H. 
Talkiner employs two screwed portions of the length of the bolt 
— the one of larger diameter than the other, and screwed in re- 
leise directions, Fig. 31. On each of these right and left-handed 

Fig. 31. 
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BcrewB ia a corresponding nut, the outside one acting as an 
oidinaty lock nut, 'so that it serves the combined purposes of 
jamnting the inner nut and of counteracting the tendency of the 
bolts to turn loose.' Mr, W, M. Cochrane has re-patented — but 
only aa fax as a provisional protection — the plan of Mr, W. B, 
Adams and other inventors, which consists in placing a thin plate 
between the nuts and the fishes, the edges of which are after- 
wards turned up against the sides of the nuta A similar platu 
is also turned back against the aides of the bolt heads. 

"At the annual conversazione, held the week before last at 
InetitutioB ot Civil Engineers, there was ex\u!Q\\M, b^j Mi'. 
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F. A. Paget, ft simple little device for locking tints, and for aUo 
prev«aitingsi<le Btrain on the thie.ida, whicli will probably be found 
generally useful, fig. 32. It consisted in the use of a steel waahet, 
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apparently of aa orviiuary kind, but made of euth a sbape that on 
screwing down the nut the compression causes it to act ae a spring. 
A number of different shapes were to be seen, one of which we il- 
luatratfi. The spring action ia, of course, more or less according 
to the shape and dimensions — proportionately increaaing that 
friction on the threads which would prevent any vibration &om 
turning back the nut The power of yielding in this kind of 
M'asher, would allow it to, so to speak, lap itself or adjust itself to 
the surfaces, thus giving greater adhesion than with inferior work- 
manship. Similarly, its elasticity would take up any ineqoaU- 
ties of the surfaces, thereby preventing side strain oa the threads; 
and, in this way also, compensating for want of truth in the 
bearing surfaces. The use of this spring washer would probably 
increase the efficiency of the ordinary lock-nut. A lock-nut which 
is used for details requiring an exact adjustment, snch as the 
brasses of hearings, is subject to a peculiar drawback. When the 
jamb-nut is screwed down on the ordinary nut, the latter gives 
way by the amount of its vertical play on the screw. In this 
way the brasses of a bearing often get screwed down too tightly, 
and have to be unscrewed and re-adjusted. With a washer af- 
fording some spring this action could not take place — or, at least« 
not so easily. The plan is abo clearly peculiarly applicable to 
small screws, which are always shaking loose. At the present 
price of steel, washers of this kind, formed with concentric co^ 
rogations, could be stamped ont ^ & -^nce \A\it tfooNia ^.toi, ai o^ 
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dinaiy wrought iron washers. It is in fact probable that the 
former prices of steel have stood in the way of the bringiDg for- 
ward of thia simple device." 

84. Leather Belts. — For the following, on this important sub- 
ject, we are indebted to the" Sciootific American :" — "The subject 
of belts and the peculiar action of them under certain circnmstaitces 
■ad (he conditions under which they work are of the greatest 
~"inporlaiice to mechanics and manufacturers. We print in this 
nie aeveral communications from practical men which refer to 
e pecuiiarities not generally known 01 observed, and we deem 
I impo^nt enough to the arte to devote considerable space for 
'ime to a fall elucidation of the subject. We direct research 
1 attention to some other features not yet remarked which may 
iSbrd itsefiil data to persons ueing power. We put these ques- 
e follows : — 
"la ft thick belt better than o thin one, or the reverse t 
"When bolta stretch on one side, aa they <lo from a looser 
Sxture of the leather, or from other causes, why do they run 
" harder and run off) Wliy is it that some bells never wiU run 
straight on the pulley but twist like a corkscrew] 

" Is the hair side or the fiesh side to be put nest the 
pulley ! 

" Is there any thing better than neats foot oil for heltiiig, to 

keep it in good order. Is a crowned puUoy or roiinded face uocea- 

l^aitiy to make a belt run truel Some machines which run at 

Bpigh velocities have pulleys with flat faces. Wliy should a belt 

^Be laced straight on the inside and crossed on the outside I " 



The horse-power of belting or the tractive force exerted by 
leather bands of a given width, at a certain speud expressed iu 
foot-pounds, or in any other positive way, ia not generally known. 
We do not know what it is, although we have some half dozen 
las professing to give a unit for a horse-power, which are ob- 
insly incorrect. A horizontal belt of a given length will drive 
than a vertical belt of a given length; a long bolt more 
t short one, and a twisted belt more than either, because in 
the case of the horizontal and the long belt, the sag and weight 
tend to produce closer contact and resist strain better than where 
the helt merely bags the pulley by ita teoaiou j i^:^ aKm& v& ' 
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of tha ctoBsed belt, which embniceB more of the circumference of 
the wheel driven, 

"Eight hundred feet per minute velocity for a one-inch belt 
is said to give a horse-power ; four hundred for a two-inch belt 
will give the same ; but these statements appear so crude and 
satisfactory that we place no reliance on them, and we want more 
facts and leas fancy when dealing with such subjects, 

" The dynamometer affonla an easy, simple, and cheap method 
of testing strains or the tranBmiasion of power from one machine 
to another, and a few experiments by it would settle forever all 
doubts and uncertainty on this point. The dynamometer merely 
weighs strain as a butcher weighs meat^ and with the same in- 
strument — a spring balance, If a lever bo made with -a bearing 
cap and holts at one end, and the same fitted to a shaft, and if a 
spring balance he applied to the other, by weighting the lever 
until it balances the tendency to raise imparted to it by the shaft, 
we shall have an exact record of the actual number of foot-poundb 
of work or strain exerted by the machine tested, when the rela- 
tions between the diameter of the shaft and the length of the 
lever are considered. Of course, with such a dynamometer there 
is great friction, and if the test is continued long, much heating 
on the shaft occurs, which would interfere with a correct result; 
one sufficiently correct for practical purposes may, however, be 
obtained if the experiment be made properly. 

" There are many other forms of dynamometers for weighing 
or observing the force of machines, but it seems unnecoasary to 
consume space with details of them, when it is apparent to all 
peieons who would be likely to undertake the experiments here 
recommended, what such apparatus should be. 

" Some things relating to the action of belts are but imper- 
fectly understood, for although Morin's experiments have de- 
monstrated the relative resistances of belts on puUeys of different 
materials and surfaces, such as rough cast-iron, smooth cast-iron, 
wood, etc., be has not informed us of thefr position, their nature, 
whether vertical, hoiizontal, or tivisted, and whether the ratio of 
resistance increases in regular progression from a belt one inch in 
width at 400 feet up to a belt 30 inches wide, at the same velo- 
city. It is obvious that these matters exercise a great influence 
on the transmisaion of power \i^ tdUing. ^ 
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From an experiment at one of out lai^est machine ahopa, it I 
foond that gearing absorba less power than belts, and that 
the force required to work the latter is extremely variable, de- 
pending upon the tension, the condition of the enrfeco of the 
pulley, and minor matters. This fact was deduced from ob- 
serving the working of a fan blower, and is to be received with 
caution, for it has hitherto been supposed that gears consumed 
more power than bands, and these results may be due merely to 
the peculiar arrangement of this special machine. It is a iact, 
however, that the use of sawdust, reain, or aimitat substances^ to 
increase tho adhesion of the belts to pulleys, as also the employ- 
ment of idler pulleys, or rollers suspended against belts to keep 
titem up to their work, also the divergence of belts from right 
or canying them at acute angles about rollers fixed in walls, 
add greatly to the expense of working them. 

Since belts are so univereaUy employed, a aeries of experi- 
ments on this subject would be invaluable, and we hope that 
.tiioae who have the time and the means, as well as others who 
ss experience derived from actual practice, will send ua what 
iafommtion they may possess on this subject." 



The difficulty alluded to in our article of estimating exactly 
what power is transmitted by a belt is not solved by our cor- 
respondent's conmiunication, although he gives so much that is 
interesting, and is a thinking man. He assumes that the belt 
(rule 1st,) gives or transmits 22^ H P, but is this an inference 
or the result of actual experiment, or practice, which is better) 
A belt transmitting 32^ H P will have to raise 742,500 lbs. at 
the rate of one foot high in a minute, and that the force exerted 
is materially changed hy the conditions the holt works under is 
very certain from the data furnished by Mr. Cooper. 

" A 1 2-inch belt running on a Si^-foot pulley at 45 revolutions 
per minute would be very slack not to transmit more than 
12-horse power, "We know of an 11-inch belt that daily trans- 
mits, from a 4-foot pulley running 60 per minute, the power 
exerted by an 11-inch cylinder and 30-inch stroke running 46 
revolutions per minute with fiO pounds of steam. In this com- 
parison the advantage is with the fi J-foot pulley, for the speed 
~ the bait over it, in iiueol feet, is 7 80, w^b l\ia ^maUei: pulley 
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rons 753 feet per minute. The power thuH carried off by this 
belt (vertical) without an idler pulley is, by the rule for eetimat- 
ing the powers of steam engiuea, 29-hor3e power. 

" Let it be understood that we do not criticise our correepond- 
eut's letter in a spirit of fault-fluding, but with a view to further 
information in the case. 

" On page 84, Vol, IIL, of the ' Scientific American," we pub- 
lished some iutereHtiiig rules and facta relating to the transmis- 
Bion of power by beit^ and the opinion is there expressed that 
but little reliance can be placed on rules in general, for ao moch 
depends on. the elasticity, length of belt, and velocity of the some, 
that arbitrary formula do not always suit the case. We are not 
of this opinion now, and see no reason why, when the length and 
width of the belt is given, we should not have an approximately 
correct result, with the ordinary tension, that is a stretching 
that will neither tear out the lacing, or the holes, or heat the 
shaft, but be sufficient to cause a moderate and proper adhesion. 
Of course, in this case, common sense must be used to determine 
'what reasonable tension means. 

" As our correspondent remarks, the experiments with the 
india-rubber and the leather belts proved nothing. Mere ad- 
hesion of two surfaces, or one sh]iping uniier a less load than the 
other, with the same width, is no criterion, for by applying 
foreign substances, such as rosiu, or oil and rosin, the adhesion 
can be greatly increased, and a small belt made for the time to 
draw as much as one of greater sectional area." 

85. Purification of Lubricating Oil. — "Oil fur lubricating pur- 
poses is very high at the present time, and should be carefully 
used. Much of it is not only lost by improper use, bat is actually 
thrown away by persons who are too reckless or naturally too 
wasteful and regardless of their own property to take any care 
of that belonging to others. It is a little singular that men who 
are thought unfit for higher positions are generally made to oil the 
shafting in factories, where they can waste a gallon every day by 
slovenly and stupid use of it. 

" When oil is poured on a bearing, if the shaft be in motion, 
it takes up a supply enough to cover the surface, while the super- 
fluity runs off at the nearest outlet If there liappene to be a 
drij) pan underneath the hanger, Uxe oil a ca.M^\A, ajiA when the 
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vm gete foU, the contents an rammiri^ tkrawn ovt of da«i 
iiito the nearest waste bola. 

Altliongh macb of this ml is foil «< mntiTRf dai^ de naalt 
ear, tbat does not pKrent it boat long laad afpiB wbett 
properly tteated to remove tbe fccdgn imtfain Ibis c«B b« 
clone so simpl; and eo eftjolj, that we think modi eeoDD^ td 
'muiafactiiieis will reaalt from the udoiitHn of tbe UhiviBg pnt- 

'When the oil is taken from the drip pma, it ahaaU 1m pmred 
off carefolly, so that the h«aTiMt pait of it, which nrttW at tha 
liottom, may be treated separatdy. Hie t^itot or npfxr por- 

^ouid be put in a ressel and heated gradnaJIr lo a little 
Itelow the boiling point of water. From tiiia Tessel it should 
Tun throngh flannel, to filter i^ wbicb will renove the finest me- 
tallic dnst held in suspension by tbe oiL Fnam this filter tbe 
oil vrUl come oat ^mi-tfatuparent, bat in a great measare free 
from tbe grosser imparities. A filter of anhnal charcoal, or ooal 
made by burning bones, should then be used, which will detain 
the dirt that Etill remains behind, and render the oil fit for use 
again for roost purposes. 

' Oil thus treated will not have the bright and clear appear- 
J o£ that bought in barrels, bat it will be very good, and may 
be used over and over ^ain with compamtively small waste. 
Animal charcoal con be had of all wholesale druggists. 

For large works, it would be profitable to have a place pre- 
pared particularly for the object of purifying the waste oil by 
the means above described. Other and more complicated prn- 

8 are employed by refiners to extract impurities from oils, 
but they are obviously unsuited to persons not acquainted with 
chemical changes and aSinities, and would be useless to our readers. 
We do not aee why it would not be a profitable scheme for those 

id in Buch matters, to oollect the waste oil from drip pans 
and render it pure again for a small sum per gallon. It is not 
ily the spent oil which falls into tliese drip pans, hut that 
lavishly poured over the hanger by the oiler, ao that the uontonta 
«ie very different from common slush. Tbe process above do- 
acribed has been tried on 8 lai^e suale, and is not a mere expori- 
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DIViaiON SEVENTH. 
METALS AND METAL MAHUPACTDEES. 

86. Tlie '^Beanem&r" Processes of Sted-Mahing. — Those inter- 
eeted in the uae of iron and eteel in construction are well aware 
of the important innovations in their manufacture introduced by 
Mr, Uemy Besaemer, so important that they may be said to be 
&8t bringing about, if indeed they have not already brought about, 
a complete revolution in the iron and atoel trade. Everything, 
therefore, bearing practically upon the processes of Mr. Bessemer 
is sure to be interesting and useful The following is an'abatract 
of a paper read by the inventor before the late meeting, at Bir- 
mingham, of the British Association, in which much will be found 
that is Huggestive. The paper is entitled, 

On the Manufacture of Cast-Steel, its Progress, and Employ- 
ment as a Substitute for Wrought-Iron. — "On the 13th of 
August, 1656, the author had the honour of reading a paper be- 
fore the Mechanical Section of tiie British Association at Chelten- 
ham. This paper, entitled ' The manufacture of Malleable Iron 
and Steel without Fuel,' waa the first account that appeared 
shadowing forth the important manufacture now generally known 
aa the Bessemer process. .... 

" In the original fixed converting vessel, as patented and 
erected in London for experimental purposes in 1856, the tuyeres 
were passed through the sides of the vessel in a horizontal direc- 
tion, the result was that the blast of air entered only a short 
distance into the fluid mass, and much of it escaped upwards be- 
tween the sides of the vessel and the metal The effeet of this 
waa the rapid destruction of the brick lining, caused by the ez- 
oessive temperature generated in the process, and the solvent 
property of the resulting silicate of protoxide of bon, which 
sometimes destroyed a lining of half a brick in thickness during 
the blowing of two chsirges of metal for about twenty minnttB 
each. Another difficulty arose from the impossibility of stopping 
the process without running out the metal, for if the blowing 
oeued for one instant the fiuid metal would nm into the tuyeres, 
ind itop them up. 
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" A great isconveniencG of the fixed vessel also arose from the 
danger and difficulty in tapping out the fluid malleable-iron with 
B bar, after the manner of tapping an ordinary cupola furnace, 
for the blast had to be continued during the whole time the 
ehac^ was running oat of the vessel, in order to prevent the re- 
maining portions from entering the tuyeres. A similar difficultj- 
& while running in the crude metal from the melting furnace, 
amce it was necessary to turn on the blast before any metal was 

1 into the vessel, the first portions so run in were, ia conse- 
quence, partially decarbonised before tbe whole of the crude 
1 hod left the melting furnace. These were among the more 
prominent difficulties that had to be remedied 

" It may be remembered that an important part of tbe process, 
3 described at Cheltenham in 1856, consisted in tapping the 
fl.uid crude iron &om the blast furnace, and allowing it to flow 
direct into the converting vessel, and be there blown to the ex- 
tent only of decarbonising it so fiir as to produce cast-steel. 
Ihia part of the original programme has been most successfully 
carried out in Sweden, where an extensive establishment for it^ 
ananufacture has been erected by M. Goranson, of GeiSe. . . , , 

" After giving a few illustrations of the capabilities of the pro- 

la as originally described at Cheltenham, the author proceeded 
to show how the disadvantages of the old fixed converting vessel 
■were remedied and other improvements introduced. Many forms 
of converting vessels were tried on the large scale before this de- 
ferable object was attained. In some of them the lining was too 
easily broken down by the violent motion of so heavy a fluid as 
iron ; in some of the forms tried the angles allowed the metal to 
■olidify in tbem, and so clog up the vessel ; in others, the mouth 
,Bf the vessel being too small, caused the metal to be thrown out 
1^ the force of the escaping blast. It vtaa also found that if the 
iIDoath was too large the heat escaped, so as to cause part of the 
converted metal to solidify in the vessel ; the relative height and 
diameter of the vessel was also found to produce important difFer- 
encea in the working of the process ; finally, and after many long 
,and expensive trials, a peculiar form of vessel was adopted. This 
3 made in two ports, so as to admit easily of its being 
Jined up with a pulverised silicious stone, known as 'gauister,' 
vhich so resists the action of the heat aad slags as t ' 
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fiilly 100 coneeeutive charges of steel before it ia worn out. It* 
form is that of the arch in every position, which prevents the 
lining from falling down hy its own weight. There are no angles 
in which the splashes of metal can solidify and accumulate. Ita 
mouth directs the flame and sparks away from the workman, and 
from the moulds and other apparatus ; while the tliioat of the 
vessel, and the position of Uie mouth, almost entirely prevents 
the thiowing out of the metal The vessel is mounted c 
ions supported on stout pedestals, so that a semi-rotaty 
may be communicated to it at pleasiue. The tuyeres are placet 
at the bottom of the vessel, so as to force the air vertical^ 
upward through the metal without coming in contact with thft 
sides of the vesaeL When the crude metal is to he run into thai 
vessel it is turned on ila axis; a gutter will then criudnct thi 
crude cast iron fi«m the melting furnace into it. It is not na 
ceasary to turn on the blast until the whole of the metal is ml 
in, because the tuyeres occupy a position above the level of it 
As soon as the air is admitted through the tuyere the vessel il 
turned into another position when its decarboniaation immediate^ 
commences. As soon as this is effected, as much molten p^ iroi 
made from spathose iron ore is added to it as wU] restore tbi 
quantity of cai'bon necessary to produce the desired quality e. 
steel, which is then run into the casting ladle, and from whenoci 
it is transferred to a series of iron moulds ranged in a semi* 
circular pit, each mould being placed within the sweep of tba 
casting crane ; the filling of these moulds is regulated by a con« 
valve made of fire-clay, and fitted in the bottom of the casting 
ladle, so as to be opened or shut at pleasure by means of » 
handle on the outside of the ladle. .... 

" Up to this period the manufacture of cast-ateel by the ol4 
as well as the new process is still so far imperfect that steel of 
the highest quality cannot be made fiwm inferior iron. In th» 
old Sheffield process the original quality of the Swedish charcoal 
iron employed governs the quahty nf the cast^steel made ; con- 
aeqnently, £36 per ton is freely given for the high class Dana* 
mora iron, while other brands of Swedish charcoal iron may bs 
bought for £15. In either case these are expensive raw niA- 
terials for the cast-steel maker. 

In 1839 the trade of Sheffield received an enormous impulaa 
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ftam the invention of Josiah Maralmlt Heatli, who patented tn 
Ihia country the employment of metallic maDgancse, or, as he 
called it, carburet of niougauese. Tiie addition of a small quan- 
tity of this metal, say from one-half to one per cent, rendered the 
inferior coke-made irons of this ooantry available for making cast 
steel ; it removed from these inferior qualities of iron their red- 
ahortnens, and conferred on the cast-steel so made the properly 
of welding and working soundly under the hammer. This inven- 
tion was of immense importance to the tovro of Sheffield, where 
its value was at onoe appreciated, Mr. Heath, supposing him- 
self sBOure in his patent, told his lioensees, that if they put oxide 
of manganese and c^al tar or other oarbonaoeous matter into their 
crucibles along with the blister steel, that it would do as well, 
and be much cheaper than the carburet of manganese ho was 
aelling them ; in efFeot it was the same thing, for before the steel 
was melted the carbon present redneed the oxide of manganese 
to the metallic state, so that his patent carburet of manganese was 
formed in the crucible in readiness to unite with the steel as 
soon as it became perfectly fused. But the law decided that this 
was not Heath's patent, and so the good people of 8hei£eld, after 
many years of htigation, were allowed to use it without remunera- 
tion to the inventor. 

" Manganese has now been used fop many years in every cast- 
stoel works in Europe. It matters not how oaat-steel is made, 
since manganese added to it necessarily produces the same bene- 
ficial changes ; no one better appreciated this fact than the un- 
fortunate ilr. Heath, as evidenced by his patent of 1839, in 
which he declares that his invention consists in ' the usa of car- 
buret of manganese in any process whereby iron is converted into 
cfwt-HteeL" Had Heath seen in his own day theUessemer process 
, in operation, he oould not have said more ; lie well knew the effect 
produced by manganese on steel, and, therefore, claimed its em- 
ploympiit in any process whereby iron is converted into cast-steel 

"With this patflnt of Heath's expired, and become public pro- 
perty, coupled with the universal addition of manganese and 
carbon to cast-steel, it would naturally be supposed that the au- 
thor, in comniou with thereat of mankind, would have been allowed 
to share the benefits wliich Heath's invention had conferred oii 
the whole coinniunitj', but it was not so,'' 
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After showing how a number of patents were taken oat, in 1 
ripposition, and how some geotlemea even repatonted portions of I 
the writet'B own patents, while others patented things in daily [ 

'le hope that they might bo considered dow when added 
to the products of the new process, the author proceeds :- 

Within six weeks of the date of the Cheltenham paper. Mi. , 
Kobert Mualiet had taken out three pntents, which form part of J 
that long series of patents by which he hoped to secare to him* J 
self the sole right to employ manganese in combination with iroB 
or Eteol made from pig iron by forcing atmospheric air throu^ 
it lu this long series of patents almost every conceivable mod 
of introducing manganese into the metal is sought to be secared 

In fact, manganese and its compounds were « 

claimed under all imaginable conditions, that If this series a 
patents could have been sustained in law it would have bees 
utterly impossible for the author to have employed manganea 
with steel made by liis process, although it was considered by tb 
trade to be impossible to make steel from a coke-made iron wil' 
out it. . . . . 

" Very soon after tlie reading of the Cheltenham papers, » 
etal rough triala of the Bessemer process were made privately b 
persons in the iron trade, and defects discovered which were sup 
posed by practical men to be perfectly fatal to the invention 
Once more the press teemed with accounts of the process, hut ti ' 
time it spoke only of its ufter impracticability, and of regrets tlu 
the expectations origijiatly formed were so fallacious. The etom 
however, gradually subsided, and the process and its author wen 
soon entirely forgotten. Imperfections in the process there o«( 
tainly were, but the author hail had the most irrefragable prool 
of the correctness of the theory on which his invention was basal 
and also that the reasoning on which it was so utterly condemnei 
by the trade was in itself wholly faliacioua ; he therefore de^dd 
not to argue the question against a hundred pens, but to enq 
getically prosecute his experiments, and to remain silent until ti 
could bring the process to a commercial success. When, at tl 
expiration i^l iJwfff'tiVf^^ years of incessant labour on the part ( 
himself and partner, Mr. -Loagsfloii, and an expenditure of tnai 
than ;fiIO,000, the process^^^^ "8^™ brought before the pubU 
notthfl.fllightflat interest -^ maT^feafaed. .by tha trade ; '' ' "^ 
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been for years agreed on all sides that it waa a total fiiilure, and 
was looked upon simply aa a brilliant meteor that had suddenly 
flitted across the scientific horizon, leaving the subject in more 
palpable darkness than before. This entire want of confidence 
on the port of the trade was most discouraging; one of two things 
became imperative, either the invention must be abandoned, or 
the writer must become a steel mamifaeturerj the latter alterna- 
tive was unhesitatingly accepted, anj Messrs, Henry Bessemer 
and Co, determined to erect a steel works at Sheffield, in the very 
heart of that stronghold of steel making. At these works the 
process haa ever since been successfully carried on ; it has become 
a school where dozens of practical steel makera received their 
first lessons in the new art, and ia the germ from which the pro- 
cess has spread into every state in Europe, aa well aa to India 
and America. 

" By the time the new works at ShefBeld had got into practical 
operation the invention had sunk so low in puhhc estimation that 
it was not thought worth paying the £60 stamp, due at the ex- 
piration of three years, on Mr. Muehet's large batch of manganese 
patents; they were, consequently allowed to lapse and become 
public property. 

" The author, has, therefore, used without scruple any of these 
numerous patents for manganese, without feeling an overwhelm- 
ing sense of obligation to the patentee. 

" At the suggestion of the author a works for the production of 
manganese alloys was erected by Mr. Henderson, at Glasgow, 
who now makes a very pure alloy of iron and manganese, con- 
taining from twenty-tive to thirty per cent, of the latter metal, 
and possessing many advantages over spiegeleisen, which it will 
doubtless replace. Two bright rods of IJ in, diameter will be 
found on the table, they were folded iip cold under the hammer. 
This extremely tough metal ia made by using Mr. Henderson's 

ly in lieu of spiegeleisen, which is incapable of making steel of 
1 B quahty, 
A Pnissian gentleman, M, Preiger, has been also successful 

manufacturing a new alloy, which he calls ferro-manganese, 
consisting of sixty to eighty per cent, of metallic manganese. It 
:tremely useful in making malleable icon by the Bessemer 
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process, in whicb spicgBleisen cannot be employed oa account of' 
the large proportion of carbon it contaics. 

"It is gratifying to turn from a review of the troubles and im- 
pedimenta of the pasti and briefly notice some of tbe more impor- 
tout applications of eteel as a snbatitnte for wronght-iron. 

" In no case ia tbta change of material more important than in 
the construction of ships, for in no instance are strength and 
lightness more essential. 

" The Eeasemer oast steel made for shipa' plates by the aevei 
eminent firms now engaged in that manufacture, ia of an « 
treraely tougb and ductile quality, while it possesses a degree 
atrength about double that of the inferior kiuil of iron plata 
usually employed in shipbuilding, hence it ia found that a mnc" 
less weight of material may be employed, and at the same time 
greater degree of strength may be given to all parts subjeeted t 
heavy strains 

"Xbe application of steel for projectiles has now become 
necessity since the introduction of armour plates. "We have Ik 
fore ua a 110 lb, sbot, that has passed with very alight injoi] 
through a fi-inch nrniour plate, and also some specimens of 
angle iron, made of Bessemer iron, and rolled at the Millwal 
Ironworks, in London, and from the same works a poi'tion 
one of Hughes' patent hollow steel beams for supporting the 
moui plating in coiu^ of construction for the forts at Cronstadt 
both these are interesting exampiea of what the rolling mi]' 
the present day can effect, and of the facility with which 
malleable iron and caat steel admit of being worked into the' 
diflieult forms, 

" There ia no department in engineering in which the pecolit 
toughness of steel, and ita strength and power of resisting wt 
and abrasion, are of such vital importance as in ita application 
railway purposes. This fact had long since impressed its 
strongly on the mind of Mr, Eamsbottom, of the London a; 
North-Western Railway, who commenced experiments with thi 
materiolin 1861; carefully, though trastingly, he tried it step" 
step, not even at first venturbg to employ it for passenger 
but aa proofs of its aafety and economy crowded upon him, 
carefully applied it to the most important parts of paaaenL 
eogioeB, and even to ftie mansiSwAvae ot the formidable eiigis 



Metals,] BESSEMER PROCESSES OF STEEL HAKiNG. 309 

cranks (at that time entruated only to the most eminent iron- 
mftking firms in the Itingjom) those iron cranks are now being 
replaced by steel ones foiged from a single mass. One of these 
steel cranks, mannfaotured at the new steel works at Crewe, has 
been obligingly lent by Mr. Ramsbottom as an illnstratian of the 
use of steel for this purpose, that gentleman has also taken out 
of use ft plain steel axle that has ran a distance of 112,516 miles, 
and now exhibits very slight gigns of wear. .... 

"So important were found to be the advantages of employing 
cast eteel as a substitute for wrought-work at the works of the 
London and North-Westem Railway Company, that the directors, 
acting under the advice of their able engineer, determineil on 
building a large steel works at Crewe, which is now in active and 
snceeesfnl operatioa In the design and arrangement of their 
plant for working up the steel several important improvements 
have been introduced by Mr. Eamsbottom, among others his 
duplex hamtlfef, which strikes a bloom on both sides of the ingeC 
at once, in a horizontal direction, and thns renders unnecessary 
tho enormous foundations required for ordinary hammers. Here 
also, he baa put up his improved rolling mill for rolling blooms 
of large size, tbe enormous machine being reversed ivith tbe 
greatest rapidity and ease by the attendant, without any shook 
or concussion whatever. 

"While matters were thus steadily progressing in the engine 
department of the company, tho engineer of the permanent way, 
Mr. Woodhouse, took in hand a thorough investigation of a no 
less important problem — viz., the substitution of cast steel for 
WTOUght-iron railway bars. For this purpose some 600 tons of 
roils were made, and put down at various stations where the 
traffic was considerable, bo as to arrive, at the earliest period, at 
A true cfilnparison of the respective endurance of wrought-iron 
and cast-steel rails. It will be unnecessary here to enter into the 
numerous details of the extensive series of experiments syste- 
matically carried out by Mr. "Woodhouse; the trials made at 
Camden will suffice to show the extraordinary endurance of steel 
raila. It is supposed that there is not one spot on any railway 
in Europe where tbe amount of traffic equals that at the Chalk- 
ferm bridge at Camden-town. At this spot there is a narrow 
p tiroat in tbe line, from which convfti^ea We Ns'V^Jffii «^*m 



r 



ENGIKEERING FACTS. [Dit. VIl 

rails employed at tbe Londoa tcrmmi of this great railwa] 
Here all passenger, giKxls, and coal tiuDic have to pass; here 
also, the making up of trains and shunting of carriages is i 
tinnally going on. At this particular spot two steel rails i 
fixed on May 2il, 1863, on one aide of the line, and two nsi 
iron raila were on the same day placed precisely opposite to then 
so that no engine or carriage could pass over the iron rails witli 
out passing over the steel ones also. When, the iron rails heca 
too much worn to be any longer safe for the passage of traioi 
they were turned the other way upwards, and when the secoo 
side of the rails were worn as far as the safety of the traffic v 
allow, the worn out rail was replaced by a new iroa one- 
sarae process being repeated as often as was found neces 
Thus we find, at the date of the last report, on March 1st, 186$ 
that seven raila had been entirely worn out on both faces. 
then another has been worn out up to July, making sixteen foM 
worn out, the seventeenth iace being in use ou August 22d 
when the steel rail that had been placed opposite to them t( 
taken up in the presence of the writer, and, by the kind pennis 
sion of Mr, Woodhouae, now lies on the table before tbe meeting 
Taking its resisting powers at three more faces only, it will shon 
an endurance of twenty to one in lavnur of steel. 

" In conclusion, it may be remarked that cast-steel ia now beinj 
used as a substitute for iron to a great and rapidly iaoreasinj 
extent. 

"The jury reports of the International Exhibition of 185! 
show that the entire production of steel of all kinds in Sheffiek 
was, at that period, 36,000 tons annually, of which about 18,00( 
tons were cast-ateel, equal to 346 tons per week; the few otha 
small cast-steel works in the country would probably bring u 
thb quantity to 400 tons per week as the entire production < 
cast-steel iu Great Britain. The jury report also states that a 
ingot of steel, called the ' monster ingot,' weighing 24 cwt, wi 
exhibited by Messrs. Turtou, and was supposed to he the laigei 
mass of steel ever mauuiactured in England. Since that data I 
great change has been made, for the largest Bessemer apparata 
at present erected in Sheffield, at the works of Messrs. Join 
Brown and Co., is capable of producing with ease every i 
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hours a mass of oast-steel weighing H tona, being twenty times 
lar^r than the 'monster ingot' of 1851. 

" There are now seventeen extensive Bessemer steel works in 
Grtat Britain. At the works of the Barrow Steel Company 
1,200 tons por woek of fiuiahed steel can easily be turned out, 
and when their new converting house, coutaiaing twelve more 
five-ton converters, is completed, these magniilcent works will be 
capable of iiroduoing weekly from 2,000 to 2,400 tons of cast-steel 
There are at present erected and in coarse of erection in England 
no less than sixty converting vessels, each capable of producing 
from three to ten tons at a single charga. When in i^ular 
operation these vessels are capable of producing fully 6,000 tons 
of steel weekly, or equal to liftcen times the entire production ot* 
cast-steel in Great Britain before the intitiduction of the Besse- 
mer process. The average selling price of this steel is at least 
^20 per ton below the averse price at wliieh cast-steel was sold 
at the period mentioned. With the present means of production 
therefore, a saving of no less than ^6,240,000 per annum may be 
effected in Great Britain alono, even in this infant state of the 
Bessemer steel manu&cture." 

87. Tlie Bessemer Metal. — "At a time," says a writer in the 
" Engineer," " when there is so much doubt as to the issue of 
the great trial of capital v. labour, in the iron trade, it will bu 
interesting to know how far science is superseding those processes 
in which labour is so largely required. The puddlers, just now, 
form the larger proportieu, perhaps, of those locked out on strike 
in the iron districts ; or if not actually the most numerous, they tm 
those whose labour it is least convenient to dispense with. It may 
be that we can never do without puddled iron, and we may be sui-e 
that as long as iron is known as iron, we cannot do without iron- 
workers of some class or otlier. First, we have had much reason 
to hope for the success of machine puddling, but this success is 
by no means yet established- Puddling is a process nearly a cen- 
tury old, by which melted crude iron is mechanically stirred up 
to the air in order that its carbon and silicon may be burnt out 
I by oxygen. It may seem as simple a matter to make a ■ stir- 
pftbout' in an iron furnace as in a kettle of Scotch oatmeal aud 
rater, but somehow we have found it necessary to employ a 
lader for the former operation, ik. i^qA.^^^^mj« 
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1 mechanical stining, or ' pmldling,' for tlie iron, as worked 
by bastl, is melted find stirred in a paddle, say, 2 ft. in diameter, 
Kid ouly a few inches deep. Some years ago Captain Bernard 
■Walker undertook to churu the melted crude iron ia a rotary 
chum, and wa believe good blooma were made. Later, Mr. 
Tooth took up the idea in a modified form, and ha aet up a pair 
of steam puddlera, or. rotary puddling machines, in the yard of a 
house in the Rhodeswell-road, Stepney. Of these we had soifte- 
thing to say four years ago. Good blooms were made, bat not, 
perhaps, with certainty. Soma of the South Staffordshire mi 
tcra found'these blooms to consist partly of unrefined cast iro 
But the idea survives, and it is in course of further trial at 
Eowlaie, where, if anywhere, it should be beat turned to practical 
Recount. 

"But the great rival of the puddler, in the case of a large 
amount of iron, is the Bessemer ' converter.' Instead of work- 
ing the iron about to expose it to oxygen {and this is the pur- 
pose of puddling), the oxygen is pumped through the melted^ 
iron, the difference in the weights thus handled being about as 
four thousand to one. It is between eight and nine years s 

Bessemer process was first known. It then appeared t-o* 
gcwd to be true, and yet it was worked with sueeess. Mr. 
Bessemer found difficulties, however, in dealing with the larger 
proportion of British iron, and difficulties also in the working 
of his earlier apjHiratus. But he persevered, and was re- 
warded by the knowledge that he could obtain metal of great 
hardness and toughness from certain abundant varieties of iron, 
and that the manufacture could be brought far within a limit 
of cost to which no other process, with a like object, had ever 
approached. Many thousands of tons of 'Bessemer metal '- 
the ' trade' are not quite auro whether it is iron or steel, although 
it ia really both in one — are now made yearly, and ther^ need bo 
little prediction in stating that, in the ordinaiy course of sucoeM- 
ful progress, many hundreds of thousands of tous will yet be 
made annually 

" We believe some small plate girders of Bessemer atecl have 
been constructed, but its advantages would appear ehiefiy in large 
spans, where, in the case of iron, the weight of the bridge itself 
£>miB tii9 greater part o£ \\& own YoaA. 'Eii^ ist»!iiiSj.Ti a^ana th« 
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t price of EossemeT steel losvea no margin of advantnge to 
e engineer. It is known, however, that it is being learned how 
a taia. the commuuei kinds of English iron to guod acconat in 
^le Sessemei- process, aud as the waste in mauuiacture is very 
little, and as a great nnmber of firms aro now competing in the 
business, it is in all respects probable that Bessemer metal will fall 
npidly in price, and that its use will be as rapidly extended." 
88, Steel Manufaeture. — From an article in the "Mechanics' 
mne," date Jul; 21, 1865, we take the following description 
if working steel other than by the Bessemer process : — 
'A cast steel, very useful for some purposes, is produced from 
rought iron by fusion with carbon in a crucible. The degree of 
krdness attuned in the steel depends upon the quantity of cbar- 
]al nsed ; for tool steel 1 'S to 1 *7 per uent. is introduced ; for 
ioft steel less than 1 pur cent is sufficient. This produces a soft 
letal capable of receiving a liigh polish, and which casehardens 
rithnnt hemliug. Some of this steel, or partially carburisod iron, 
a been caiefuUy tested and found capable of sustaining a sChiiu 
[ thirty-five tons to the inch, Under the name of homogeue- 
I iron, a Sheffield firm has also introduced a mild steel of this 
and, which takes an average tensile strain of forty-one and a half 
c double that of wrought iron. A peculiar process of 
mannfacturing steel is adopted at the works of M. Bugeney, 
■ear Paris. These works are managed by IL Chenot and hia 
in, from whom Mr. rairbaim obtained the particulars of mauu- 
factar& M. Chenot employs a pccuhaily constructed furnace, 
jifty feet high and about eighteen feet square at the widest part, 
tin which he makes steel direct from the ore by converting it into 
what he calls sponge, To the main furnace are attached other 
3 containing the fires, the greatest care being taken that 
be gaseous products alone shall come in contact with the ores. 
Ihe heated cuirents from the miuor furnaces are distributed 
Hhtongh the main furnace by means of numerous intersecting 
jBues, which also serve to eqnalise the temperature at those 
parte where they come in contact with the ores. The time 
aequired for producing the sponge from the ore is five days. 
Ibout a ton of tlda sponge is withdrawn from the furnace 
ivery twenty-four hours, hy means of a movable grated platform, 
ihich is eJeyated hy rack and pinions to the ^toyer height in the 
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furnace, where it receives the charge, and is lowered at the re- 
quired temperature to the apace prepared for its reception below, 
The air is carefully excluded hy placing a luting of clay all ronnil 
the platform over which the sponge ia removed. Upon the pro- 
cess of calcination, or conversion of the ore into sponge, heing 
completed, it is supplied with carbon by being soaked in oil ctt 
other grease. It is afterwards pkced in wrought-iron retorts, and' 
exposed to the heat of a furnace for two hours, in order that iny 
excess of carbon it may have received shall be driven off. The 
next step is to reduce the sponge to a powder, which is afterward* 
compressed into bars in strong iron tubes by machineiy, "VPhett 
it has reached this condition it ia tit for melting, and is placed ii 
a crucible with four tons of coke to one of steel. From the cm 
cible it is run into ingots, and ia hually prepared for'the market 
by the hammer in the usual way. From this peculiar method i^ 
manufacture a superior description of steel is obtained. 

" In some works on the continent the German refining process 
Ls adopted, and steel is produced ftoin crude iron by the de' 
carhurising effect of a blast in a furnace simUar to a refinery.^ 
The pigs are melted by charcoal, and a strong blast is conducted 
over the molten surface of the iron. The mass of iron is stirred' 
up so that every portion is brought under the action of the bUsb 
The consolidation of the mass, and the colour of the flame, are ths 
indications by which it is known that the process has been c 
rted sufficiently far. The direct production of steel from cast-iroQ 
in the puddling-fumace has for years been a fact well known 1 
inauufaoturera, but only recently has puddled stcol become k 
article of commercial importance. Tho process of ooavertinl 
caat-iroa into steel by puddling is similar to that employed f 
puddling iron, with, however, this difference : the iron is subjected 
to the oxidising action of the ilame until the whole of the c 
bon is extracted, whilst in puddled steel the action ia stopped 
before that point ia reached. The iron ia usually allowed to n 
tain from half to one per cent, of carbon, and when thia degie 
of carburisation has been arrived at, the puddler closes the dampe 
and collects the steel into balls, which ara hammered and rolled 
in the ordinary way. There is, however, one objection to pud* 
died steel, and that ia the want of uniformity to which it is liahlOi 
" ' ' ' "the manufacture may be corrected hy bra ' 




» 



STEEL MANUFACrmtE. 315 

Mhe bars, obtained as above, and rejecting the bad ones, the rest 
'ng piled, heated, and pjlled into piates or bare. With care in 
electing the iron, and in making, a tough malleable steel ia pro- 
educed, which has superseded wrought-iron to a considerable ex- 
tent in hoilermating and shipbuilding. Its tenacity ranges from 
3f! to 40 tons per square inch, and its cost ia about 35 per cent, 
in excess of that of wrought iron. Captain Uchatius produces 
cast eteel direct irora the crude iron by melting the pigs in a cu- 
pola, and running the products into a cistern of cold water, lii 
the cistern is a dash-wheel which revolves very rapidly, and by 
striking the iron causes it to become granulated. The particles 
are afterwards intimately mixed with oxide of iron in a state of 
powder, or with sparry iron and iine clay. The quantity of oxi- 
dising Diaterial used is from 30 to 30 per cent, according to the 
amount of oxygen required. The ingredients are placed in a cru- 
cible, and fused in the steel melting furnace. The osides cause 
the granules of cast iron to part with some of their carbon, and 
a slag is formed which purifies the steel. The (quantity of steel 
obtaineii ia somewhat in excess of the iron introduced, in cni^ge- 
qiience of a portion of the oxides becoming reduced. The size of 
the granules affects the quality of the steel ; if they are large the 
steel is hard, if small then the product is a soft steel, owing to 
the fact that decarburiaation proceeds very slowly inwards from 
the surface. The tensile strength of this steel is about 90,000 
lbs. per square inch. 

" Allied to the material under notice, is the gun metal pro- 
duced by Mr. Mushet. It ia mode by cutting up bar iron into 
small pieces, each weighing about an ounce, and melting them in 
Eteel melting pots. A small proportiou of two other metals is 
added, and from this the peculiar properties of the gun metal are 
derived. The introduction of charcoal regulates the hardness of 
the alloy, which, after fusion, is moulded in ingots. The proper 
treatment for this metal is to roll or draw it out at cast-steel heat, 
as its tenacity becomes impaired by raising it to a nelding tempera- 
ture. Some samples of this gun metal, tested by Mr. Pairbaim, 
gaveabreakingweight of 46'1 76 tons per square inch. This, how- 
ever, does not equal some results obtained from the liessemer steel 
by Colonel Wilmot, which gave upwards of sixty-eight tons per 
agaare inch. At the hat meeting of "Cos, Acad%m^ of Sciences, 
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^V ~ a communioation was received from M, Aristidc Berard upon a 

^U new direct method of producing cast steel by mnans of gases, i/L 

^P Berard operates on the melted metal alternately with reducing 

H and oxidising agents. The necessary heat is produced by gase^ , 

the fumoco used being of the reverberatoty class, with two solea 

separated by a bridge, on which coke is placed to remove the free 

oxygen. For fifteen minutes air is sent through the metal on 

I one side, the other being treated with a mixture of hydrogen and 
carbonic oxide free from sulphur. The treatment ia then, re* 
versed for another fifteen minutes. The process is thus explained.' 
While oxidation goes on, part of the iron ia oxidised to pro- 
toxide; the earthy metals, such as silicium, aluminium, calcium, 
itc, are also oxidised, and probably combine ivith the oxide o£ 
iron and form compound silicates. The sulphur, phosphorus 

I and arsenic also oxidise and pass away, During tho process of 
reduction, the oxide of iron is reduced and the other metals re- 
main in combination with tho silica forming scoria, which floats- 
on the surface. Any sulphur, phosphorus, or arsenic which es- 
caped oxidation will then form a volatUe hydrogen compound. 
The final process is that ofdecarburation, which is efi'eoted by the 
air blast. It is stated that cast steel of very high quality 
obtained by this method of treatment. M. Sirard observes that 
manganese plays an indefinite part, the certain effect of which is 
to facihtate the process of converting the iron into 

" Much has been said and written upon the composition of 
steel, and various theories have been propounded as to its com- 
* position and tho elements reqaiKite for the production of the best: 
varieties of steel. M. FrSmy has made very extensive experi' 
ments, which have led him to form the opinion that iron in itd 
three states — cast-iron, steel, and ivrought-iron — is due not onljP 
to the different proportions of carbon they contain, but also to 
the presence of nitrogen. Mr. Mushet, again, has advanced 
theory that titanium is essential in the manufacture of steeL' 
Titanium has a great afGmty for nitrogen and carbon ; and i£ 
nitrogen is requisite, it is possible that titanium might act 
carrier of nitrogen and carbon. Upon tho whole tho investiga- 
tions and experiments with respect to steel are as yet very 
limited ; knowledge in this direction requires extending, and thi* 
is the more important as tKe usq oI atiie\ mcreasKa. Wife. th« 
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development of the manufacture will come a better practical 
knowledge of its requireiaeiits, and out of this only can we hope 
to establish perleotion." 

89, On certain methods of treating Cast-iron in the Foundnj. 
(By Zerah Colbum). — After describing the " plant " of the 
foundry, the " cupolas," aad the " blast apparatus," and pointing 
out what he conoeiveB to be improvements in them, Mr. Colburn 
proceeds to show, — " 1. The means for increasing the strength and 
hardness of castings. 3. Means for insuring uniform cooling in 
castings after pouring. 3. The treatment far malleahle castings, 
i. ChUling. 

"At one time when cast-iron was employed for boilers, shaft- 
ing, large ordnance, and bridges, its strength was of great con- 
sequence. It has now become usual to employ wrought-irou or 
steel for the application just named, and, indeed, wherever great 
absolute strength is leq^uired. Even engine beams, since the 
lamentable failure at Hartley, are being made of wrought-iron. 
■So the importance of great strength in castiiigs has, no doubt, 
been lessened, and for jnost purposes it has been found cheaper 
to employ a somewhat larger quantity of ordinary iron than to 
pay a higher price and incur the delay often attending the search 
for a superior quality. , , . . 

" I shall say nothing of the selection of particular brands of 
iron, nor of the great importance of proper mixing in the cupola, 
fur I could only say, what every qualified founder well knows, 
that upon these a great deal depends. 1 could give no directions 
better than those upon which founders now act, each having to 
choose and mix the irons which he has found best for his own 
purposes in his own district, for it is always important to him 
not to send further than is neeesaary for his pigs. But there are 
modes of increasing the strength of a largo number, if not all, of 
the irons known to commerce ; and although there is still mucji 
doubt as to the relations between the chemical constitution and 
the strength of iron, it is certain that all the known modes of 
strengthening cast-iron are modes whereby its proportion of nn- 
combined carbon and of silicium is known to he diminished If 
we puddle cast-iron up to a certain extent, and stop at the right 
point, we have eteel of very great strength, and if we carry the 
paddling &F eaoagh we hare wrought-iion. S& il '^amalt 
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n viith wrought 'iron, as in making what ia called Stirlin^a 
toughened metal, we l(»§ea the ntlativa proportions of the im- 
purities to the iron aa contained in the pig, and if we do not get 
a remarkably tough metal, we, at any rate, produce one of great 
hardness, and some of our locomotive makers employ ench i 
mixture purposely to obtain hardness in theii Eteam Gylinder& 
So also, lij' oxidizing cast-iron at a high heat, as in the treatment 
for malleable iron castings, we gain undoubted strength b"* 
toughness. .... 

" Now, as all the processes whereby cast-iron is strengtheneil 
ce processes whereby its proportion of contained carhon i 
silicium is diminished, some quicker and much cheaper mode a, 
effecting this object is required than that by re-melting or I 
partial puddling. This quicker and cheaper mode would be ha 
by a partial application of Mr, Bessemer's treatment, that is hj 
blowing air through the iron for perhaps three or four cpt fiva 
minutes, instead of twenty. But, it will be asked, if you are t< 
have the Bessemer apparatus at all, why not convert the ir 
once into steel 1 There are several reasons why we should not. 
To make steel, a much higher quality of iron, and generally thfti 
addition of spiegeleisen, is necessary. As steel the metal cannot 
be run into goods, but only into an ingot, which requires very 
heavy hammers to forge it, as nell as machine tools of unuaue 
strength to finish it after forging ; the wear of the converter aai 
other plant would be much greater for etecl than for tougbenod 
iron. The waste of metal before the finished article, whatavs} 
it might be, coiild be produced, would ho greater for steel thad 
cast-iron. I have recommended this partial application of tT 
Bessemer process, and 1 believe that when more attention com 
to be given to strength in castings, this treatment will '. 
adopted. The apparatus for carrying it out would be exceeds 
ingly simple, and would be worked witli but little trouble, i 
blast being derived from the rotary blower already described. 

" But absolute strength in the iron of large castings ia of liM 
consequence unless they cool, after pouring, in such a mann^ a| 
not to leave them subject to considerable internal straina "Wl 
know that the late Professor Hodgkinson found tliat with t 
iron he experimented upon the compressive strength was t 
times that in tension. shiWptiw Wn^. WVcUinto 4\»\ie nf n m 
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iron girder ebould Iiave ets times the sectional area of the top 
flanjie. But very few, if nny, engineer adopt such n projujitioii, 
as the casting wonld in all prohaliility cmck io cooling, . , , . 
" To make a casting of great strength it is Decessary that all 
jiarts cool alike or nearly eo. Id the case of guns cast solid, the 
core bored out ia often found honeycombed by retarded cooling ; 
and the metal fonning the surface of the bore can be proved to 
be under conaderable initial strain in consequence. Of course 
ftuns were cast hollow many years i^o ; but not imtU 1847 was 
it proposed to cool the core, after casting, by means of 'water cir- 
cuMiDg in pipes within it. Captain Eodraan in that year 
patented the mode by a-hich all the larger American guns have 
been cast Within the core are two water pipes, one inside the 
other, and like those in Mr Field's boiler, known to so many in 
this society. Water flows down the inner pipe, which ia open 
at both ends, and rises through the outer pipe, which ia closed at 
the bottom. A perfect circulation of water is thus secured. . . . 
' Kearly all the railway wheels in use on the American lines 
of cast-iron, chilled on the periphei^'. It is not merely that 
36 wheels are cheap, but they are preferred to the wrought- 
ijon wheels as used on English railways. I am not now speak- 
ing of the engine-driving wheels, but of the carriage and waggon 
wheels, of from 2 ft. 6 in. to 3 ft. in diameter, although the size 
in very seldom greater than 2 ft. 9 in. The cast-iron wheels 
run until they are worn out, and they wear for a long time ; 
whereas the wrought-inm wheels require frequent turning, and, 
stUl worse, tlieir fiunges soon become worn so thin as to become 
unsafe, a fact due, perhaps, to the inferior condition of the 
American lines. It was, however, a long time before the Ame- 
rican fonnders could produce chilled wheels which should he 
safe under all circumstances j and when it ia remembered tiiat 
they are now employed as the leading wheels of the lieaviest ex- 
press engines working on lines, of which, what we should call 
llhe ballast, is sometimes frozen as hard as a rock for two or three 
lonths in the year ; and in a climate where the mercury is occn- 
aionally from 10° to 30' below zero, or 40° to 60° of frost, and 
when it is added that these wheels do not break oftener than 
wTought-iron wheels on the best English lines, it must be added 
Ihst tbej- are as safe as anything can be In this I am spenkini; 
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from my own knowledge, extending over a period of ten year% 
during tlie whole of which time I was eloaely connected with th« 
leading American locomotive fnotories and lines of railway. Tho: 
founders had to obtain not merely strong iron, in reapect c 
tensile strength, but an iron of considerable toughness, anc 
besidee, an iron that would chill welL As a rule, such iron is 
only olitained by careful mixing, and it must bo sought by long 
and costly experiment. I do not doubt that iron for exoelleai 
chilled wheels, if they were ever required, might- be found in 
England ; but I would not run the risk of saying 'what mixtara 
'would produce it, although I abould say Blaenavon cold 1 
and the Forest of Dean irons would enter into such a i 
'with a little iron like that made at Tinsley Park for hardening 

" The next point to be considered is the treatment for making 
castings malleable, I should have eaid nothing of this were it 
not that, although exceedingly simple, it is but ■»ery little unden. 
stood, for it is a very common notion that many and cuTioud 
' chemicals ' are rei^tiired, and that there is much mystwy in th4 
process. . . It is commonly said that eastings intended to b) 
maUeableised should be from very batd, brittle iron. It is no 
exactly because a casting is brittle that it is of the best sort fa 
the malleable iron treatment, but brittle castings contain les 
carbon than those from grey iron, and so the malleable pieces 
does not ha^e to be so long continued to get rid of it. To those 
who are not accustomed to consider all forms of iron and steel: 
as combinations merely of iron and carbon in different propoiv 
tions, there is something a little paradoxical in the iact, that i 
grey iron contaijiing much carbon is tough ; a white iron, con- 
taining less carbon, is brittle ; steel, containing still leas carboi^ 
is also brittle ; wbile wrought-irou, containing but little catboi^ 
is very tough. Even to a chemist these facts are not easy to b 
explained, nor shall I examine them further here, it being suffi* 
cient merely to have shown why a white and brittle caat-iroi^ - 
anch as some of the TJlverston iron of which clock bells tat 
made, is the best for the malleable iron process, because it cdii< 
tains leas carbon than a grey iron. The castings must be packed 
perfectly air-tiglit in layers of powdered ore, and shut u 
iron boxes, of which Uie juiiAa EYw^AiNieVwii. 
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"On the last point named in the earlier portion of this paper — 
tlie production of chilled castings — there is not Tciy much to be 
said. It ia for the founder to ascertain, from his practice and 
from such experiments aa he is in the best position to make, 
which irons will chill and which will nok Of those that will 
chill, it is important, if the chilled oasfing have to be put under 
great atraui, that the chill be well blended wiih the aof^r iron, . 
instead of there being a dintinct line of demarcation. It may 
he that the beat application for chilled castings will he that for 
chilled shot, which, at far less cost, come nearest to steel. To 
ca^t shot in chills, with the best resnlta, it may he found best to 
subject the iron, jnst after pouring, to a considerable steam 
pressure. By simple mechanical arrangements easily de\-ised, a 
pressure of 100 lb. of steam per square inch, equal to a column 
of iron upwards of 30 feet high, could bo turned instantly upon 
s casting juat poured into a chill mould. The efi'ect would be to 
secure greater density and unifurmity in the easting, and to render 
it stronger for its purpose, It is well Itnoivn that 'bead,' or a 
high rising column of metal over the mould, is an important 
matter in making strong castings, and that, in some cases, as in 
casting augar-mill rolls, this head or ' gate ' of metal is well 
'Ahurued by manual labour. There can be no doubt that steam 
would answer the purpose still better, nor that the best 
applying this pressure might be easily determined. 
The very cheapest applications of iron are in its condition 
of cast-iron. For some purposes, as for heavy ordnance, it is 
quealionable whether cast-iron is not really equal to wrougbt-iron 
and etoeL It is certain that comparatively little has been done 
in this country to improve the strength of large castings, and 
that, in some cases, wrought-iron has been adopted, without sufh- 
oient attempts to meet the requirement with a much cheaper and 
more adaptable material. It cannot be aigued that, in ai'ched 
tridges, like some of tliose now erected and in course of erection 
■er the Thames, wrought-iron is equal to cast-iron in its resist- 
to compression, It is probable that absolutely better and 
fiheaper structures could be put up in cast-iron. It is to be hoped 
that the careless practices which formerly prevailed of casting 
large pieces on the foundry floor, and of paying little attention to 
uniform cooling have not permanently dogclved us of one of 
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30, Boiled Iron. — From an article on this subject in the " 
chanics' Magazine,'' Oct. 20th, 186S, we tate the following:- 
" Among the uumeroas improved processes which liavc of 
years been introduced iu the n:anul'aoture of iron, few are n 
interesting or important than that of '' boiling ' the metal 
this system, which has been somewhat recently introduced, ill 
ordinary process of decarboniaation in the refinery and the pod 
dling furnace appears to be faat yielding. Fig iron produced ii 
the smelting furnace by coke or coal is converted into malleaU) 
iron either by decarburisation in the refinery or oxidiaing hearth 
and Bubsequent puddling ; or it ia converted at o 
dling furnace by the process of boiling, which ia equally effectiv 
and is now more generally practised. Shortly after the employ 
ment of the puddling process, it was found that considerable a' 
vantage was gained by mixing some of the crude iron with tl 
refined plate metal By this means a saving of the expense s 
refining upon the iron used in the crude condition was efiectoi 
Trusting to tlie decarburising effects of the puddling furnace, 1 
was found that if crude iron, containing a proportion of cixygq) 
and very little catbou, was used, the refining process might hi 
entirely dispensed with. This operation is popularly lutowu ai 
the 'boiling ' process, and it has acquired its name from the f(^ 
lowing circumstances which are attendant upon its working. 
in this single process, all the carbon has to he gut rid of in 
puddling furnace, a violent evolution of gaa ensues, so that, duriq 
the petiod of its disengi^ment, the fluid iron hoila and bubble 
most energetically, and thus furnishes an approjiriiite a 
the system. "Wlien melted in this operation the pig iron is man 
fluid by reason r>f its containing a greater proportion of carboB 
than the metal from the refinery. A greater amount of labouq 
required in stirring it about and submitting it to tlie actioi 
of the curi'ent of air. Thcra is likewise a greater waste of isn 
altached to this process tbau occurs in puddling either plate, td 
[ crude iron and p]ato mixed. The loss, however, is less thaii ill 
i tite two operations of refining and puddling. Another unpalatsUa 
it which results from the boiling process ia that the superiof 
ift^4iHy of the iron iias a more injiuious action on the fun 
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But, Id spite of these objectionsi the plan of boiling witliout ttie 
intermediate refiniog process is gcaduallj gaining ground, and for 
the last ten years there had been a general tenikncy to adopt this 
decideiUy superior method ; in fact, in several places the uao ot 
the refinery has been superseded by boiling. Taking this in con- 
junction with other collateral circumstanceSj it may fairly be in- 
ferred that the time is not far distant when the reHning process 
will be universally abandoned. 

" Mr. Fairbairn tells us that in the boiling process, as carried 
on at the works of Messrs. Kusliton and Eckersley, at Bolton, u 
dmall proportion of Cumberland hematite ore or peroxide of iron 
is mtKed with the pig iron to be converted. It is found to assist 
in the process of boiling by suppljing oxygen in the molten mass, 
and in other respects facilitating the process, increasing the yield, 
and iraprovioig the quality of the metal As regards the first 
introduction of the boiling process in the iron mauulkcture, it 
appears that the credit of it is due to Mr. Hall, of the firm of 
Barrows and Hull, of the Bloomfield Ironworks, TiptoiL Mr, 
Hall instituted a long-continued series of experiments in remelt- 
ing and extracting from the scrap and slag of puddling furnaces 
a qimntity of ductile iron. According to that gentleman these 
experiments ted to the introduction, of pig iron and the boiling 
system in the puddling furnace. This is said to have taken place 
more that thirty years ^o, so that we may consider Mr. Hall as 
the first to introduce the system of boiling, which ultimately dis- 
pensed with the refinery, and established the moi'e expeditious 
process of puddling direct from the pig. Considerable attention 
hiis been given to the decarburisation of the crude iron, and many 
unsuccessful attempts have been made to secure a more scieutific 
and perfect process. The nearest approach to perfection, however, 
appears to exist in an improvement patented by Mr. Jamea 
Xasmy th in 1 854. This patent has been worked for some yeara 
at the Bolton Ironworks, where its constant employment in the 
puddling furnaces has afforded proof of its utility. As its ad- 
vantages become known its adoption uiereases, and it is gradually 
I extending itself among the large manufacturers. The principle 
( the invention consists in the iutroduction of a small quantity 
t low pressure steam into the molten metal as soon as it is fused ; 
m is generallj' used. As at that high temp 




I 



ENGINEERING FACTS. [Div. TU 

oxygen of tlie ateam has a greater affinity for carbon than fot the 
hydrogen witli which it ia combined, or for the iron, the carbon 
is rapidly oxidised off. The hydrogen which is liberated has no 
affinity for the iron, but unites with aulphiir, phosphorus, arsenic, 
and other Buhstancea which are very prejudicial to the quality at 
the iroa However minute may be the quantities in which they 
are present this ia always the ease, and they are frequently found 
both in the ores and in the fuel. Besides the chemical part th« 
steam plays with respeut to the iron, it also has a mechanical ao- 
tion on il^ It is introduoed at the bottom of the furnace, and 
being thence diffused upwards it violently agitates the iron, 
thereby causing fresh surfaces to become exposed to the oxi^ni 
passing through the furnace. 

" In canying Miv Ifasmyth's plan into operation, steam is con- 
veyed from the bailer to a vertical pipe fixed n^r the furnace 
door. At the lower end of this pipe is a small tap or ayphon 
to let off the condensed steam and prevent its being blown into 
the furnace. To the flange of the vertical pipe are fastened a< 
cock with several jointed pieces of pipe, forming in effrtt jointed 
bracket pipes, which allow of free motion in every direction ; the. 
steam tube or ' rabble ' being bent at the end so as to inject the 
eteam on the hquid metal As soon as the iron in the furnace 
is melted, the puddler introduces this apparatus, which he moves 
slowly about in the molten iron, while the ateam pours upon It 
through the bent end of the tube. In about five or eight minuteB 
the mass begins to thicken, when the puddler withdraws the ateam- 
pipe, and the operation is finished in the usual way with th» 
common iron rabble. It is found upon an average that from ten 
to fifteen minutes are saved by this process in every operation or 
' heat,' and that during the hottest and most laborious part of 
the operation. Sy the adoption of this simple apparatus tha 
highly cai'borised pig iron, which is the most free from impurities 
is rendered malleable in one furnace operation, without the dfr- 
teriorating adjuncts of the ordinary refining and puddling proeesB;; 
In this arrangement no delfterious substance can enter into com- 
bination with the iron, whilst the mixture of fuel and metal, as in. 
the refineiy process, is liable to deteriorate the metal with sulpha*, 
silicum, &c In short, the new process has a beneficial effect in 
ig the iron lyith greater eooaoms than ans known process," 
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91. Meehanioal Paddling of Iran. — "Notbing," saya the 
Practical Mechanic's Joamal, " almost can be cruder or siiupler 
in its theory and first oapect than the operation of puddling, by 
which iron, in the state of pig or cast iron, is converted into 
malleatle or bar iron; and yet for half a century the operation 
has stood still in the position in which Curt, its reputed invents 
or, left it, although from year to year the laborious and unsatis- 
factoiy nature of the hand-wrought process by which it is con- 
ducted bad been admitted and lamented, and attempts to improve 
it by getting rid of mannal labour, or by the substitution of some 
altogether new process, have successively ended only in readmit- 
ting the difQculties of improvement. 

" The fundamental idea of puddling was neither more nor less 
than burning out a lai^ proportion of the carbon, and of some 
of the other extraneous metalloids or metals contained in the pig 
iron ; and for many years the refinery process — which consisted 
in fusing the pig iron in a sort of shallow cupola, with an enor- 
mous excess of air blast, and running out the refinery pig into 
thick cast iron ingot moulds, so as to 'chill it,' or into water — 
was deemed indispensable as a preliminary to puddling. This 
severe comburatioa was, however, within the last thirty years, 
found needless in most instances, and that by a proper choice of 
the qnahty of the pig iron — or in large works by a suitable mode 
of working the blast furnace, bo as to obtain a good hard gray 
or mottled pig iron exclusively — it might be dispensed with. 
But here the progress of improvement ended. 

"The puddling furnace itself, if we except Eoger's invention 
of the cast-iron sole, and the method of repairing the interior of 
the brickwork with a pasta of hcematite iron ore mixed with fire- 
clay, and a few alterations in proportions, size, &c., has remained 

, jnst as it was in Cort's day, and the method of manipulation 

K the same also. 

" Crude and obvious as its theory at first sight seems — the 
t is, that puddling is an extremely curious and not so easily 

rdiscemed combination of chemical and mechanical forces, or ra- 
ther methods; and in the very union of these lies the difficulty 
of improvement, or of any substitution of power for the skilled 
hand and eye of the puddler. 

"So far aa the chemical port of the pioteaa tit OTntartinij cast , 
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into wrougbt iron, the operation of the refinery was identical with 
that of the puddling furnace. Carbon, silicon, and perliapa phos- 
plionis, were burnt out, and with tham some of the metals oj 
earthy basea osidized and burnt out also, as the following analy-i 
ses indicate : — 

Iron rrom Same Iron Orom 



Iron, 95-28 

Carbon, 2-83 

Silicon, 1-38 

Alnminiim, 073 

Pliosphoma, trace. 

Sulphur trace. 



I of tha slags, or 'tap cinder,' many of which otb 
quoted iu books of iron metallurgy, really tell for nothing—* 
large proportion of their constituents being derived from the fii- 
sion of the internal surface of the walls of the furnace. 

" This is proved by the results of weighings at Dowlais, given. 
by Mr, Trutan in his work on iron. Thus — 

Crude iron put into fimiace, 2,493 lbs. 

■^—ISK^* ;::::;:;:;;::::::::; '■IS . 

2,567 lbs. 

Excess in weight = 69 lbs. 

Now as the oxygen Used by the oxidation of the iron, aiHcoD, 
and aluminum, is about balanced by the loss of carbou volatilixed 
aa carbonic oxide and acid, it follows that most of this excess IB 
due to earthy matter fused off the furnace, and hence that cin- 
der analyses prove nothing. This is equally true for the pud- 
dling furnace aa for the refinery. 

" Calvert and Johnson's researches on the progreseive chemicjl 
changes produced in puddling, show that these are quite analo- 
[ gone to those which occurred in the refinery. Thus, when Nft 3 
r grey Staffordshire pig iron was the subject of experiment, and the 
I iron in progress of change was taken at successive intervals of 
L time from the puddling furnace and analysed, reaults such as tin 
following were obtained: — 

ut into fumacp 12 nnou ... 
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So that the carbon is slightly increaaed at first, and then hoth it 
and the silicon steadily burn out, and, as is appai-ent hy the laat 
two lines, much of these continues to hum and work out during 
the 'shingling' of the pnddle balls, and the subsequent rolling 
of the pnddle hais into rod iron. The final results are shown oa 
follows : — 

No 3. I^K Inn. Fgdaie Bur. Rolled RoL 

Ciiibon 2-27E 0-298 O'lll 

Silicon 2720 0-120 0'083 

Pliosphoma, 0-6«F 0-13i O']]? 

Salphiir, 0-301 0-139 0-0S4 

These were in some degree confirmed hy the composition of the 
alag from the furnace. 

" Thus, chemically, the refinery, the puddling furnace, and the 
Bessemer converting vessel, all perform the same parts ; bnt pud- 
dling has this peculiarity added to it — that a certain proportion 
of the fusible slag, the silicate of oxide of iron formed in the pro- 
cess, is kneaded up with the pasty and finally erumbied mass of 
puddled iron, and plays a highly impoi-tant, though probably not 
fully understood part, in determining the molecular arrangement 
of the wrought iron, when the puddled bar is submitted to the 

" This kneading up of wrought iron and silicate, then, consti- 
tntes the mechanical element of the puddling process, and ap- 
peant to be absolutely essential to the result — ^essential, at least, 
BO long as wrought iifln in rolled or forged form shall be consi- 
dered a necessary structural material, or until steel produced by 
the Bessemer proceas shall have taken its place. The chemical 
part of the process is one — the progrea.'i of which requires to be 
stopped at a given moment — known to the educated eye of the 
puddler by shutting down the damper, so sls to convert the 
dating Same of the fumsce into a neulitel ijaa. "feu^u A' 
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ment the kneading up of the silicate must be complete, i 
the metal may be epcedily withdrawn, or new and mischievoui 
chemical cbangea commence ; hence arises the delicacy of ths 
puddling process, vfhen stated as briefly as possible. 

" By the Bessemer process it is at least doubtful whether r> 
gularly fibrous metal can be produced, under the roller — that ii 
to say, whether the crystals of the metal can be induced to elon- 
gate in the direction of least pressure, arising from the fact that 
the absence of intercalated slag greatly reduces the differenee (ia 
internal pressure in the orthogonal directions) of greatest and 
least pressure within the ' billet,' or mass between the rolls, 
mogeneous metal — which is, in fact, but an iron very pure from 
slag, and with its carbon combined in the state of a 'low eleel' 
or good steel, are the only products of th'e Bessemer crucible, a; 
for almost all etruotural use, such products will before very long 
come to be substitutes of wrought iron. But great as is the in- 
crease of ultimate tenacity, steel, as compared with wrought iroof 
and valuable as it must become, there will evec remain V 
number of structural purposes for which wrought iron, with its 
soilneaB, ductility, and high extensibility, must continue to I 
required, and for the production of which the puddling f 
must continue in use. Puddling, hence, cannot be viewed a 
expiring art ; and for this reason, as well as from the vast ami 
of public attention that has been recently drawn to it by rei 
of the long and embittered disputes between the working pud- 
(Uers and the iron masters in this country, we have thought il 
advisable to translate at length two very able papers on the sub- 
ject of mechanical puddling as practised in France, which havi 
appeared in the Annales des Mines very lately, and to place theUJ 
in a form available to English readers, accompanied by the n 
important of their illufitrations." 

The article here alluded to is unfortunately far too long fi* 
even an abstract of it to be here given ; we therefore refer tl 
reader to the number of the Practical Mechanic's Journal, i 
iwhicL it appears under date September Ist, 1865, 

Mae/line Fudfllmrj. — On the same subject referred to to 
paragraph, we take the foUowing from an article in the "EiJ 
/'under date Sept. ISth, 1865. "The earlier stages at I«bI 
of puddling a charge of icon involve operationa tt 
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siinple that it ia a matter for some aurprifie that they have not 
long since been carried out by machiitety. The constant Htirring 
of a little pond of molten iron ia the thing to be done, and a com- 
mon bar of iron with one end bent down at right angles is the 
thing to do it with. The neoesaary motions are in no way oom- 
plex, and so far very simple machinery should sufBce for the 
operation. The history of attempts at machine puddling runs 
back nearly a quarter of a century. But it is only within the 
last year or two that the practical adoption of paddhng machinery 
has been attended with success. It is beyond question that the 
problem presented to the mechanician was furmerly invested 
with difficulties which modem experience proves to have been 
more or less imaginary. Too much was attempted, and of course 
little or nothing done. The paramount idea was that the labour 
of the puddler should be wholly superseded, and the entire pro- 
cess, blooming and all, efFected solely hy the aid of steam power. 
In this lay a great error. There are many processes in the arts 
which cannot be effected without the very effectual interference 
of the bnman arm guided by intelhgence, and puddling is pre- 
eminently one of these. The only available course to adopt is 
to permit the machine to perform the m^or part of the hard 
work, leaving the completion of tbe process to the man. Me- 
chanism constructed according to this principle has now been at 
work for some time with exceUent results, and the universal 
adoption of machine puddling is not we think very distant. Mr. 
Menetaus, of the Dowlais Ironworks, has for some months past 
been canying out a series of experiments on a very extended 
scale, neither the details of which, nor the results, have as yet 
been given to the world in full. We understand, however, that 
80 far, the latter have been very encouragbg. The system adopt- 
ed at Dowlais is we believe that known as "Walker's, in which 
the iron is exposed to the action of the flame hy the rotation and 
oscillation of tbe vessel containing the molten metal, which takes 
the place of the ordinary hearth. At the Wombridge Ironworks, 
Salop, Mr. Bennett, the manager, has introduced a system of his 
own invention which we recently iUustrateU. Mr. Bennett read 
a somewhat elaborate paper on this machine, and the lesidts ob- 
biined from its use, a few months since before the Institution of 
21echsnical Engineeie; from which we Veaxa SMffifiieat, even aftar^ 
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mftlcing erer; aJlowasce for the fact that the author is alao a 
inventor, to lead ua to Lelieve that he has really achieved a veqrl 
considerable success. The principle on which the machine itT 
constnicled is very simple. The ordinary rabble is worked b 
wsids and forwards by a vertical arm outside the furnace, i 
which it is connected by a notch or gab in the bandle, droppe 
loosely on a pin in the lower extremity of the arm. The arm i 
oottared at the upper end into a horizontal square slide bar, moi 
ing longitudinally through suitable sockets, and is put in luotia 
by a connocting-rod from a long T-iron bar, supported on rollet 
and extending over the entire row of furnaces. A crank, drive 
by a worm-wheel, ia so arranged that a transverse as well as 
longihidinnl motion is given to the rabble, which, working at Ht 
rate of about fifty strokes per minute, completely traverses neari 
every portion of the hearth. Double furnaces, with a rabble 4 
each sjile, have bren employed with considerable f 
this case the traversing cranks, which make but one revolatia 
for every seventy strokes of the tool, are set at right angles, q 
that the two rabbles are always working in difFereiit parts of th 
furnace. The entire apparatus is kept clear above the furnao< 
is well protected from the heat, and out of the way of the met 
Mr. Bennett thus describes the method of working the machiiut 
— ' When the chaige of pig iron is melted, and ready for ti 
commencement of the process of puddling, the apparatus is pr 
into action by dropping the notch in the handle of the rabble o 
to the pill in the working arm, which is kept continuously u 
motion by the horizontal reciprocating bar working c 
head. The puddier changes his tool from time to time 1 
becomes heated by simply lifting the notch in the handle off 
pin in the working arm, and replacing the tool with a fresh ODI 
without stopping the machine ; and when the iron begins t 
thicken, he takes the opportunity of each change of tool to mak 
a few strokes by hand, in order to collect the metal from the sk 
treme sides of the furnace into the centre, which ia found to e; 
the uniform.puddling of the whole charge. The usual tin 
lUiiig with the mal^hine is about twenty-five minutes with 
ordinary forge pig, the too.i being changed five or aix times; 
with grey iron the time of iftofking ia much prolonged. In tha 
tlie machine is eape^^S Jt '\ *""» tlia UM 
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ieps in a fluid state mnch longer, and teqiiirea consequently 
I much more working, which cauaea the labour to be ao nmcti 
tiro Bevere in the case of hand puddling that there is great ilif- 
wlty in getting the men to work any iron that is very grey. 
nth the machine, however, this causes no increase of labour to 
le men, and only increases the duration of the process.' So 
:aoh for the mode of working, now for resnJts. These we may 
st express in Mr. Bennett's own wopIs: — '"With the single fnr- 
tcea at the IVombridge "Works, and charpea of 5 cwt., tlie con- 
imption of coal ia 28 cwt, per ton of puddled hnr made ; but 
the double furnace, and charges of 10 cwt., the consump- 
>f coal iB only 17 cwt, being a reduction of 39 per cent. 
Elbe number of heats or charges worked in the single furnace ia six, 
if 5 cwt. each; and in the double furnace, five heats of 10 cwt. 
xh. per turn of nine or ten hours. In working the double fur- 
ue it is fonnd beat to have one pnddler only and two under- 
inds, to avoid the division of responsibility that would arise iu 
le case of two puddlers working the same charge of iron." 
hese facte speak for themselves, and although a vigorous dis- 
uaion fiiUowed the paper we find that no arguments were ad~ 
[tKed which materially affected the position assumed by Mr. 
tennett. "We have no deaire to speak of hia machine with un- 
lue preference — we have aelected it aa an example of what may 
not because we believe it to poaaesa any peculiar merits, 
bnt simply because it is the only apparatus of the kind, of the 
irorking of which any very definite information has been made 
■tonblic. The priuciplea involved in its construction appear to he 
onnded on common sense, and with this statement our praise of 
""le machine must begin and end. But there are other labourers 
1 the field as well as Mr. Bennett, and we see good reason to be- 
ieve that the day is not distant when the ironmasters of England 
ill be placetl in a position superior to any which they have held 
tr yeara, while the men wilt feel that in their emancipation from 
fearful toil they liave advanced by a mighty stride fiom the 
mdition of well-paid labourers to that of atJIl better paid akUled 
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some iron, smelted l>y Mr. Charles Martin's patented procaea, fi 
the titaniferous iron-sand of New Zealand. Other finus have si 
heenexperimentingwithEpecdmenaofthia iron, with resalta quite M 
aatisfaotfiry as those previously obtained by the Messrs. Hipkin^; 
To tbeaccount of the properties of this almost unprecedentedlyfi] 
quality of iron which we gave three weeks ago, we may now adi 
that a ' heat ' of it can he puddled in aixty minutea, which is jm 
hftlf the time per heat which the process of puddling usually occi 
pies, and that the loss of iron in the process is only one-fourth o 
the usual proportion of loss. Moreover, this titaniferous iron h 
the remarkable property of completely resisting the action of hj 
drochloric acid The peculiar qualitiea whieh give it its greS 
value ace doubtless due, in part, to its entire freedom from hot! 
sulphur and phosphorus, and not exclusively to the titaniuo 
which it contains. Still, it seems to he pretty well ascertained 
that a small quantity of titanium very greatly improves the qua 
lity of both iron and steel, and hence considerable attention i 
beginning to be directed towards the titaniferous iron ore, o 
' ilmenite,' which exists in such vast quantities in Sweden, Not 
way, and Kuasia, and also in Canada and elsewhere, and whicl^ 
while it can be had in this country much more cheaply thanthi 
New Zealand iron-sand, which contains only from 9 to 13 pa 
cent, of 0]dde of titanium, contains not less than 40 per cent a 
that oxide. As yet, there are many diihcultiea in the way o 
smelting, on the great scale, ores of iron containing ao mach ti 
taninm as the European titaniferous ores contain, but these diffi 
cultios will doubtless yield to sufficiently persevering efforts t 
overcome Ihem. It is not proposed to endeavour t« smelt thea 
ores by themselves; all that is contemplated is the admixture o 
them, in small proportions, with our ordinaiy English ores. Th< 
conditions, however, under which suob a mixture can be aatisfio 
torily smelted, have yet, for the most part, to be ascertained. "- 
Mechanic^ Magazine, Dee. I5t7i, 1806, 

94. Exceedingly Hard Iron. — "Some years ago M. Gaudi] 
found that by heating iron, tolerably free from carbon, with ■ 
small quantity of boron, to a very high temperature, he obtainet 
a product which could not be forged, but which posaeaaee extra 
ordinary hardness. He has now found that an equally 1 
metal juay be obtained by addiw^ to orii-ora^ iMisfc-«<m ia fuaioq 
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phosphate of iron and peroxide of manganesu — lie does not men- 
tion in what proportions. The product cannot he forged, but it 
caats easily, and is therefore readily applicable to the construction 
of ench machineB, or parta of machines, as require in their mate- 
rial extreraa hardness rather than tenacity. The metal ao pro- 
duced is, moreover, singularly sonorous, and iL Gaudin accord- 
ingly proposes it as a material for bells. He finds that a still 
hardei metal is producible by the addition of tungstein — again 
he omits to Bay in what amount — to ordinary cast-iron. He 
states that this tungstein iron surpasses everything previously 
known OS a material for tools for cutting rocks, and that crystals 
of it will cut glass as readily as the diamond." — Mechanie^ ifu- 
gazim, Dee. S2t^.l865. 
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95. Of the various papers of the year issued in connection 
with the present division, the most important, certainly that which 
contains the most novel, if not the most practical proposition, ia 
that read by Mr. Peter Barlow, F.E.S., before the Society of Arts, 
on the "Bed mode of applying power to pro'pel traiiie on ihe Me- 
tropolitan and other railway lines, hairing frequent alalions in ter- 
minal etatiotu." Of this paper we can only find space for an 
abstract After referring to the eircnmstances which prompted 
him to pay attention to the aubjeot, and showing the loss in- 
curred in the use of locomotive power where the distances be- 
tween the stations are short, and these stations numerous, from 
the fact that " all or nearly all the work of the engine is ex- 
pended in acquiring the travelling speed, and that in fact it has 
I not ceased to accelerate its speed when it becomes necessary to 
I shut off the steam and apply the brakes so as to stop at the next 
, Btation," the author proceeds to show the advantages arising from 
the use of stationary engine power. " In terminal stations the 
I ■use of stationary power will add much to the simphcity of work- 
ling. At present:, as the locomotive arrives in front of the train, 
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it i§ made pmooer until the train is remoTeii It has thus to 
gi> t'j auother part of the statioa to be tumeii an to take in cokft 
and water, and thea comes back agtun to the traiii it has to tako- 
out. These frequent operations nut onlj wear out the road and 
points and crossings vety rapidly, but cause constant stoppagos 
to trains arriving to enter tlie station. To avoid a portion of 
this difficulty the locomotivee are aometimea run tender first, i 
mode of working which amounts to an admission of imperfectioi], 
and appears to foreshailoiv a change in the present systems, psro 
ticularly as the more the traffic increases the greater these imper^ 
fections will bo felL When the stations are near together tfas 
time required to acquire the speed is so important an. element 
that greater tractive power is requisite to enable a reasonable' 
average speed to be uuiintained ; and the power of the 
governed by the power requisite to put the train into motion. 
Thus, the actual power exerted to propel trains of forty t 
every five minutes eacli way on a railway similar to the MetmpoU'' 
tan, of three and a half miles in len[,'th, at the velocity now 
adopted, would not, allowing one-third lost power, and 16 Itk 
per tun traction, exceed 2 H horses, to obtain which at least te 
locomotives, capable of eserting, in the aggregate, a power < 
2,200 horses, are required, in consequence of the comlmieil 
losses from the extra weight to be conveyed; the powi 
come the inertia ; and, thiidly, from the engine being restriotedf 
from making a fair working speed, these losses being in addition 
to that of the engine itself from friction, &c. 

" Seeing that it is necessary to use such powerful e 
passenger trains where the stoppages are frequent, it follows that 
the weight of the engine becomes large in propoition to the wei; ' 
of the tnitu, and therefore, if that weight can be dispensed wi 
much less power will suffice to give the same amount of speed, ati 
with the same amount of power appUed, a much greater speedi 
will be obtained. In like manner if the weight of the engine il 
dispensed with the train can ba brought to rest in less time Iq 
means of the brake and coupling ; this, with the increased rapidit^ 
with which the speed at starting can be acquired, it follows thM 
dispensing with the weight of the engine would be of very greal! 
advantage in the case of stopping trains^ 

"Tie modAol .avaiyma itaiianm-ii poner di&m faqn i 
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liithertu employed, mu^iuuch as it is not connected from station 
to station, or connecteil tliroagh aoveial stations, like the Black- 
wall syBteni, but eAch baa a propelling power independent of the 
other, altbougli the power may be derived from eevenl stations 
from one engine. It also dilfera from the power being usal ac- 
cumulatively, and thus a smaller power of engine is required, 

" I will now observe that the result of the experiments on the 
Whitstable railway, previously referred to, and the examination 
generally of the subject of motive power, led me to recommend 
the directors of the South-eastera railway to substitute locomo- 
tive, and abandon the stationary engines on that hue j and the 
alteration was attended with satisfactory results, not because 
there was any serious difficulty in the rope system, except its 
great weight and length, but because one locoiuutivo was made 
to do the work of all the stationary engines, and a greatei' aver^ 
age speed was obtained. One of tliese ropra was one mile seventy 
chains in length ; and on the Slackwall railway the rope was 
above three miles in length to curty passenger traffic. Great me- 
chanical skill and good workmanship is indicated by the tact 
that such a piece of machinery could he kept in order for any 
length of time, because the actual weight put in motion, and 
inertia to be overcome, in aiidition to the train, was much greater 
than that of a locomotive, besides the friction of 500 sheaves. 
These cases, however, prove that no practical difficulty or liability 
to derangement is likely to arise in the use of a rope for 150 or 
200 yards only, as is now projKised ; and it may be here remarked 
that although lOpes have bees superseded by locomotives in many 
oases, yet that still a larger amount of traffic is carried on by 
,, lopes, and in one important instance, viz., Glasgow, the locomo- 
fl have been again abandoned fur the rope on an incline of 1 
1 43 ibr one mile fourteen chains, used for passenger traffic 
" The mode which first occurred to me of applying the station- 
E«ry power for the present purpose was, by Sir W. Armstrong's 
(.hydraulic principle, to give motion to a rope, which system has 
L the advantage that one engine can be mode to du the work of 
averal stations hy a water main laid along the line. Another 
I of propeller, very simple in its action, hut requiring an 
mgine at each station, is the descent of a weight raised by a small 
t9.«BistanUy at work. 
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"A weight of forty tons mised 30 ft. every two miantos sn 
a half WDuld propel a train of furty tans more thaii one mile an 
a qnartar on the level before it came to rest ; and a atationajp 
engine of iS-borae actual power, allowing one-third loss, wont 
be enfficient to run forty ton trains every five minutes each wa 
allowing for the loss from friction and tho powoi req^nired t 
bring the weight to a. state of rest, which latter lo^a would amoun 
to 10 per cent, of the power. The cost of working such ai 
engine, including repairs, would not amount to £2 10s. per day, 
BO that the coat of train per mile would be imdet 2d. The b 
may also be propelled on the atmospheric principle, either by tb 
old plan of a pipe, or on Mr. Ranimel's plan of a small tunnel 
and as the power is required only for a short distance, there w" 
not arise the difficulty from friction and leakage which has 1 
therto been experienced in these modes of traction. 

" In another form of propeller suggested which is speciall] 
adapted to frequent trains, the accumulation of power is m ~ 
iu the boiler. Driving wheels and cylinders, similar to a 1( 
motive, are used to propel a rope for the required distance. Th« 
total weight of moving machinery will not in thid case, in-! 
eluding the rope, exceed four tons. A duplicate of every par^ 
including the boilers, would be provided, and as there is an int«» 
val of eight hours' rest in each day, sufBcient to replace anj 
which might be out of order, I submit that such a piece of ma* 
chinery may be coneidered nearly safe from derangement 
propeller of either kind, it ia suggested, could be used advan' 
tageously on railwsys worked by locomotives for the purpose o) 
starting trains from stations situated at the foot of incUnes, when 
now locomotives, although generally master of their work, frw 
quently &,il in surmounting the incline, thus leading to loss t 
time and danger. 

" In conclusion I will observe that it ia difficult for the antho! 
to describe a new su^estiou without a bias in its fevour, but ' 
have endeavoured to lay the comparative merits of stationary an 
locomotive power fairly before the uieeting. The aubjeot is I 
important iu its influence on the value and extension of metn 
politan railways, that I offer it for discussion without venturioj 
to give a decided opinion of my own, until I hear the views a 
) BQiinent engineers who h^^e da'^atAd. Uveii s.tteiitiQii to t~ 
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subject of the motive power, which I hope wi!! be expressed o 



The formula used in cnlciilating the oscillation 18: — 



F beinff the traetEon power. 
T lengtii of train iu pounds, 
8 len^h of the plane. 
f friction of the train per ton. 

Velocity girec to a train of 40 lb. to 4,000 lb,, falling 600 ft. 
or 8,000 ft. fully 300 ft, the friction being 15 lb., will be: — 
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The power exerteJ will be for five-minate trains, 

8,000, fully 300 ft. in two minutes and a-hal£ 



y — 2ai toco, power X S r. I42'6. 



96. Narrom-Gauge Railwaya. — At a meeting of the luventors' 
Institute, ea reported in the "Scientific Iteview," June Ist, 
18fi9, the following paper was read by Mr. Charles Easton 
Spooner, C.E, : — " The object of tha paper which I have the 
b<mour to submit to the members of this valuable Institute is to 
disouBB the subject of narrow-gauge railways, explaining the 
necessity of their general use, their economy in construction, 
their utility in certain districts as ' feeders ' to through lines, and 
libeir adaptfttion to paseengor as well aa to genmal tra£^ 
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"The introdaction of railways on a narrow-gauge, and workc 
Ly locomotive power, ia a growing aeceaeity, for opening d' 
tncts where lines oonnetiting one through line with another s 
either impracticable, or would he so ooatly as not to justify tb 
outlay required for their conatruction ; also in mountainous an 
mineral districts, where their application would be the greatei 
possible boon to the public, and the means of giving to distric 
railway communication that, on the parliamentary-gauge, wool 
be too expensive ever to he made. It ia in these latter distrid 
that their application would be especially useful, inasmoch i 
with narrow-gauge lines of 2 fb. 6 in., or from that to 2 ft. 9 in 
curves of three or four chains radii can with £tcility be madi 
and by tliis meaus tunuels, viaducts, and heavy earthworka t 
avoided, which on the broader gauge would he inevitable ; an 
at the same time, there is no necessity on short lines of this kin 
for any very great amount of speed, which ia imperativ 
'through Unes.' 

a found that the various gauges of railways in differen 
parts of the world are : — In the United States of America, 6 f 
and 4 ft. 8j in. ; South Americii, 6 ft. 3 in. ; Central America 
4 ft. SJ in. J Austria, 4 ft. 8^ iu. ; Australia, 5 ft. 3 i 

4 ft. 8i in. ; Belgium, 3 ft. 8 in. and 4 ft. 8^ in. ; Canad* 

5 ft. 6 in. and 4 ft. SJ in ; Cape of Good Hope, 4 ft. 8^ in,' 
Denmark, 4 ft. 8i in. ; England, 7 ft., 4 ft. 8^ in., and 2 ft 
Egypt, 4 ft. 8i in. ; France, 4 ft. 8^ in. and 3 ft. 4 in. ; Ireland 

6 ft 3 in., 6 ft. 2 in., and 4 ft. 8^ in. ; Italy, 4 ft. 8i ii 
6 ft. 6 in. and 4 ft.; New South "Wales, 4 ft. 8^ in.; Norway; 
3 ft. 6 in. and 3 ft. j Pnisaia, 4 ft, 8^ in, j Portugal. 5 ft. 6 in. 
Euasia, S ft.; Sardinia, 4 ft. Hi ia; Spain, 5 ft. 5^ in, 
Scotland, 4 ft. 8i in.; Switzerland, 4 ft. 8^ in. ; Swedei 
3 ft. 6 in. 

"The sections (not here given) show the Pestiniog Bailw^ 
on a 2 ft. gauge, and a corresponding or comparative section of j 
line which was made to and from the terminals for the aami 
traffic on the ordinary gauge of 4 ft 8J in., such section haTinj 
been carefully taken, with jnaximum curves suitable for tha 
1, for the hke speed on the aaroe radius of curve, and tlu 
centres of gravity of the locomotive and carriages of one g 
iaought to the same as that of the other, and wi&i a f 
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tjonate iveight of tiain, the same speed might be attained with 
equal safety. For instance, as the radius of 2| chains cTirve 
fnim A to B (not here given) on gauge of 2 ft. 6 in., with wheel 
base of 3 ft, trom centre to centre of axle of carriagea, is to a n 
on radius of 5 chaine on the same gauge, with 10 fl. from centre 
to centre of axles, so ia a B radius of 2^ chains on 2 ft. G ia 
gauge to radius a d of 10 chains of 5 ft. gauge and 10 ft. centres, 
as pet parallel dotted lines shown by the versed line/y on 2j 
chains radius of the chord n i, equal to / y of chord m n on 10 
chains radius, or half that of/ ij on the radius of S chains and 
10 ft. centn.-e. It would appear that, with a succession of small 
radii curves, a. train might he running on three curves at one 
time, and that in consequence a. relaxation of speed would be in- 
curred, caused by the drag binding the wheel flanges against the 
inner rail of curves, but the result of experiaients maile give 
little ot no perceptible difference in the speed on passing over 
such curves. 

" For practical purposes, it is not necessary that an exact pro- 
portionate size of carriagea and trucks should be maintained; it 
is sufficient if they are about ono-fouith the weight, and carry 
ono-foirlth the bulk or load of those on a 6 ft. gauge, care being 
taken that the centre of gravity be brought as low as possible, 
and that the maximum speed be limited to a less rate than that 
of a 5 ft. gauge. Very heavy loads are drawn witli locomotives 
of small diameter driving wheeb connected, and, from their short- 
ness, a weighted train ia easily started. 

" Fig. 5 (not given here) represents the same centre of gravity 
of carriages or trucks for 2 ft 6 in. gauge, and 5 ft. gauge, as 
per equilateral angles marked a b c. On the Festiniog Railway, 
of 2 ft. gauge, the passenger carriages are arranged as per dotted 
lines, which gives an excessive overhanging and rather awkward 
appearance. 

" The Festiniog Eailway was made under an Act of Parlia- 
ment passed in 1832, and built to a gauge of 2 ft. The traffic 
was, until within the last eighteen months, worked with horses. 
For many years it was the wish of my father (the company's 
1at« engineer) to use steam power, but he met with little en- 
couragement as to the practicability of constructing suitable 
ItHXUnotire engines foi so small a gauge. l\i 'w&a <a'a\.'j fa^^^» j 
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conatantly increBfing traffic, and the necessitj of affording tht' 
country passenger accommodation, that it became essential tO' 
take the steps whi(^h led to this successful issue. Careful. 
meaaures were entered upon for this purpose, which resulted in 
tbe constraction of two trial engines, made by Messrs. EnglEuid,; 
and the experiment proved ao successful that the company v 
enabled to accomplish the end they had so long desired. At ths 
present time thej work the trafhc with these engines and two 
spare ones, and they have also made their line suitable for pas- 
senger traffic The Government Inspector, Captain Tyler, R.E,, 
who, with his usual ability and energy of purpose, tested thi* 
little line and the locomotives to the utmost, complimented th^ 
company on the efficient state of theii railway. In his report fa 
the Board of Trade some additional appliances were reqaire<^ 
which having been made the company obtained the aanction. 
of the Board to open their line for passengers. This line, of 
13^ miles in length, has a difference in Igvel between the ter- 
mini of 700 ft, having a continuous average grade of 1 in 93 
for 12^ miles of its length. The exertive power is one waj 
only — &om Portmadoc (the great slute depot for shipment) to 
the upper terminus, The down traffic is entirely by gravity. 
During the last eighteen months tbe engines have run over 
a. distance of 60,000 miles without leaving the roils. The- 
locomotives are made to the same centre of gravity ae thon 
used on the Great Western Railway ; tliree of these weigh 7J 
tons each, and one 8 tons in steam. The engine has two pair (^ 
wheels coupled, of 2 ft diameter; cylinders 8 in. in diameter, 
with a length of stroke of 12 in,, and having a maximum work- 
ing pressure of 200 lbs. to the square inch. The passenger 
carriages are 6 ft. 6 in. high in the centre, 6 fL 3 in. wide, 
with 1 ft. 6 in. diameter of wheels, aad 4 ft. 6 in. centres 
from wheel to wheel, having a cushioned-back partition inside 
from end to end. The seats are brought immediately over 
the wheels, and passengers sit back to back, tbe arrangement 
being such as to bring tha centre of gravity as low an ' 
central as possible. The floors of carrii^ea are eight inches 
above the rails, consequently no platforms at stations are neces- 
sary, and passengers get in through doors at both sides. Open 
ears aa the same pnncii^\e, -wiiU aYcooA &n bad weather a 
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atrapa in fair weather, are also in use. It is an interesting 

and novel sight to see one of these little engines, with a train 

120 yards in length, running up gradients of from 1 in 70 to 1 

in 180, at a speed of about 12 miles an hour, round curves vary. 

Ling from 3 to 30 chains radius, hugging the hill sides through 

Mome of the most beautiful scenery in North Wales, the engine 

Fin its passage, when going through some of the cuttings, being 

Occasionally on three currea at one time. 

"Where there is a limited amount of trafflt^ and no neceaaity 
to^nse great power to do that traffic, nor to execute the heavy 
and costly works required in the construction of the broader- 
raged line, why should such exijonaes be unnecessarily incurred; 
; in other words, why make use of a horse to do the work of a 
my ? While so much discussion has taken place at various 
mes as to break of gauge, and on the subject of adopting one 
oniform gauge for through hnea in this country, it is strange that 
the policy of lateral branches on a small gauge has either been 
Conudered impracticable, or altogether ignored. In maritime lo- 
Ltemotiou will be seen in daily use vessels, iroia the small river 
) that of a linenaf-battle ship, varying in size and power 
ritb the required traffic, local position, the size of rivers, lakes, 
tsliatmels, and seas, aa under the peculiar circumstancea is found 
most applicable and beneficial The question, then, arises, Why 
not make the same useful and reasonable practice applicable in 
our railway system 1 Captain Tyler remarks, in his paper read 
BU the Institute of Civil Engineers on ' The Featiniog EaOway,' 
^B^e employment of locomotive engines on this little railway, 
^^Hnd its opening for passenger traffic, were not only highly inter- 
^"Bsting experiments, but were likely to he followed by important 
naults. Although there were still, doubtless, numerous districts 
where railways on a gauge of 4 ft. 8 J in. might be profitably 
made, yet there were also many others in which lines of cheaper 
^aonstruction were required. With a naijow gauge, lighter rails 
^■taid sleepers, less ballast, and cheaper works generally might be 
^hdopted ; sharper curves might be laid down, very heavy gradi- 
^^Mita, particularly in mountainous regions, might be more easily 
avoided, and lighter engines, with lighter vehicles, might be made 
to do all the work wliere high speed was not demanded, and 
irheie the tra&c wob not heavy. 
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It was, however, illegal at present to conatruct any pasaen- 
nes in Great Britain oa a narrower gauge thau 4 ft. 8^ in., 
Ireland than 5 ft. 3 in. ; consequently, it would ap]>esr t* 
be desirable to obtain tbe repeal, or at least a modification, of 
provisions of the Act 9 and 10 Vict, cap. 87, which r^u- 
lated the width of the gauge of the passenger lines, aa there w 
now an increasing demand for railways of a minor class. Manf 
coal anil mineral hues on a less gauge than 4 ft. 8^ in. were i: 
use, and others were projected with ultimate views of passenger 
traffic, and it would be advantageous if some narrow gauge w 
recognised.' 

It may bo argued that a break of gauge would incur a changsi 
of passengers and lu^age at'junction stations ; this is true, buk 
it not the common practice on all lines, even where there am 
e same interest and the same gauge 1 And further, it may bS' 
said that heavy mineral traffic aud mercantile goods would hare 
to he shifted from the trucks of the one to those of the other, 
to the damage and loss to the public or risk of the railway c 
paniea. As to mineral goods, it is true they would have to be 
shifted, and there would be the coat of so doing ; but the n 
material cannot receive any very great injury in the operation. 
As regards mercantile goods, it is the common practice to detain 
trucks at the different stations for delivery of misceUaneoua 
goods, and trucks are often detained in order to £11 or make u 
a load ; but if none of these answers could be brought to bear 
in extenuation, the disadvantages are but insignificant when ci 
pared with the large beueilta that would be secured to the public 
by the construction of narrow gauge lines in peculiar districts, 
and as feeders to the main or through lines, and which it is ob- 
vious will be followed by a general increase of traffic spread over 
all main lines iu the United £ingdom. 

" As to consumption of fuel, it is found that between si 
teen and eighteen hundred-weight is used daily on the Festiniog 
Railway, with trains running at an average speed of eleven miles 
an hour, which, on the weight of trains conveyed during the year 
of goods and passengers {including weight of carriages and trucks) 
taken up the line from Portniadoc to the quarry terminals, o 
66,875 tons over ascending grades, the whole distance, including 
at Btationa, was t^uMiiuzteia of b. pound pec ton ^ 
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mile ; or, if taken on the traffic of slates, goods, anil paBBengera, 
of 81,400 tons, tlia fuel consumed waa half-a-pomid per ton pet 

" It would he advieable that a somewhat wider gauge should 
be given than two feet, so as to have a greater width of framing 
for boiler, fire, and smnke-box, and to he two or three inches 
higher from the rails than the engines used on the Festiniog Eail- 
way, which are somewhat confined for room, and that the engines 
should be made with three pairs of wheels ; also that the ti'aUing- 
wheels should he of broad tyros, without flanges for the purpoee 
of steadying the engine. Ey this arrangemenent ample room 
would be given for the connecting and eccentric rode ; it would 
fecilitate lubrication, antj ensure a very perfect and powerful loco- 
motive. In conclusion, I believe, from observations made, that 
^ 2 ft. 6 in., or a 3 ft. 9 in. gauge, would be one most suited for 

■ lihe description of hnes here set forth. 
"Captain Tyler, E.E., in his report on the 'Festinic^ Railway' 

b the Board of Trade, stated, ' The adoption of the locomotive 
r «iwn this little line is a very important, and has, evidently, 
Ben a very suocessful experiment. The cheapness with which 
ifch a line can be constructed, the quantity of work that can he 
mically performed upon it, and the safety with which the 
run over it, render it an example which will midoubtedly 

■ lie fallowed sooner or later in this country, in India, and in 
ptbe Colonies, where it is desirable to form cheap lines for small 

traffic, or as a commencement ia developing the resources of a 
new country.' 

" With locomotive engines of SJ ft. driving-wheels, for a 2 ft, 
6 in. gauge, which, as compared with 7^ ft. driving-wheels, or 
(as Ti ft. circumference ia to 23) with three revolutions to one, 
it will appear there would be three times the friction on the 
pi»ton8, piston-slides, and the tyres of thewbeeb; but practically 
this is not the case, as the friction caused by the greater weight 
of engine of the broader gauge is, in fact, counterbalanced ; also 
the wear and tear of the rails and line for the same reason is 

97. Maintenance of Railway Rollmg Stock. — "On another 
page (see the number of the 'Engineer' for May 19, 1865) we 
^n B Baaniliiz^ uuilysia of the qaestlDii o£ lai^NtKj out^^ ist 



I 



I 



ZH ENGINEERING FACTS. [Div. Vl|] 

with a plan for adapting it to the constantly increasing demaB 
for heavier and more voliuninona loads, in conformity with th 
extension of modem traffic, which year by year is increasing ll 
size of our merchant Teasels for ocean transit "We commend i 
to the thoughtful attention of onr railway readers. 

" While it was in type we saw a notice of a forthct 
paper at the Institution of Civil Engineers, on the Maintenan« 
of the Carrying Stock of the ^Northern and Eastern Sailwm 
with voluminous tables, giving, we presume, the age of e 
aeparate vehicle and engine as accurately as a peerage. Tba 
momenclatnre of Captain Mark IIuiBh will of course be brough( 
into play under the assumptive title of ' EoUing Stock and ill 
Life,' as though the stock had really attained to the condition a 
perfect rolling, like true wheels, and not like garden rollers, I 
compound of rolhng and sliding, and as though there could l 
anything ' Hvely ' in the inert masses of structure which aom 
times refuse to move down an incline of 1 in 75, unleea pulled 
by the engine. We would earnestly suggest to the railing 
authorities, who, in opposition to Captain Galton and otben^ 
believe that existing railway wheels and azles are perfect, to 
study the history of Cresskill's clod-crusher. That was a kiocli 
of garden roller, set round with spikes like those on the macetf 
of Gog and Magog in Guildhall ; in short, a revolving hanovr 
formed of a single cyhnder. But this obstinately persisted in 
pulling up the horaee hy escesaiva friction. So Mr Crosskil^ 
like a sensible experimentalist, divided it into two halves, and 
then it was better; then he quartered it, and it was better stilly. 
and, finally, he divided it into as many slices as there were rows; 
of teeth, and these possessed the masimnm of advantages. 

" It is true that the garden roller, called hy courtesy a pait 
of railway wheels, ia not a continuous roller, Laving only t' 
ends pretending to he wheels, with the middle cut away. But 
these ends are as ohstinate and unyielding as Crosskill's original 
clod-crusher, hut instead of crushing clods they crush themaelvet 
and the rails they gride on. Whether this paper is the stereo- 
typed railway production, that gives us class and order, as thou^ 
the tree of railway knowledge had been plucked, and there i 
nothing more to find out, or whether it be a sound philosophical 
paper, taking in the whole con\memia.l aud. mechanical questioi)) 
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having regard to the jiiture, remaina to be seen. For our part 
we regard exiatiiig railways aa being in much the earae position 
that stage coaches were in previous to their advent, showing 
.great skill and care in Iheii arrangement and management, bat 
becoming utterly useless with the ad?eut of better things. To 
talk of the present railways and their equipments having aaj- 
thing of the character of permanence ia an absurdity, and we are 
quite satisfied that no great time will elapse before a new class 
of lines is called into being, enpecially kept for passengers at the 
bigbest rates of speed, and with all the appliances that mechani- 
cal philosophy points to and railway bureaucracy resists. A 
alogue of to-day, giving a list of all the travelling furniture of 
ft line, will in half a dozen years be as obsolete as the dowry of 
f A Lima lady in the revolution which took away Peru from Spain, 
'b which everj'tbing ia enumerated, — four-post bedsteads, ancient 
mches, and all that came from Spain with the Conquisladoret, 
mmed up with all the shoes, ehppers, stockings, and brocade 
1 hooped skirts, added to the family property as the 
e hondred years rolled on. *■ 

"The value of the railways will consist chiefly in the land 
liAey cover, just as land in the city of London is all in all, and 
)he buildings, unless modem, only an incumbrance — the land 
a; worth, as late sales testii'y, some £40 sterling per square 
on which nothing less than palatial buildings can be 
} nffbided a location, and which only merchant princes can afford 
to occupy. Even these existing railways will have to pale their 
influence in tho presence of new ones, unless they keep pace 
with the coming times. We know tow large a body of railway 
men there are in the Hoaae of Commons, and how they band 
themselves together, far closer than the Irish Brigade, to make a 
dose corporation of their impei-um in imperio; but all that will 
be written dotvu amongst the things that were, whenever they 
"all become too prominent and obstructive. They would wil- 
igly be the despots of Commewe, with the Clearing-house for 
ieir council chamber, and practise all the abuses to which irre- 
ponaible power is prone ; hut tliey cannot put off the inevitable 
IT of progress. "When wo get our report of the ' Maintenance 
iper' we shall deal with it" — Engineer. 
■9ft Oit GtuJJffitiRff m Sailviay and other GM-riagea. — On 



I 



840 ENGIFEEBTNG FACTS. [Drr. TUL 

this subject a puper was read, by Mr. "W. Dalziol before ths 
" LonJon Institiitiiin of Foremen Engineers : " — " Tbe reader com- 
menced by stating that the Bubjeot of artificial iUumiaation i 
question that has engaged attention from tbe very earliest periods,' 
and the advantages accTuiiig to mankind from having tbe mc 
of obtaining a good light are too well known to need any o 
ment from me. We are now, said the writer, able to travel from. 
one point to another with great facility, and to reach Glasgow 
from London in 1 3 hours ; but in a journey of that duration w 
have to submit to many inconveniences, and not the least is the 
of a bad light, supplied to us from dirty oil lamps. To remedy 
this state of tbinga several gentlemen have turned their attention 
to the lighting of railway and other carriages with gas, hut t" 
great difficulty has hitherto been the want of space for carryir^ 
a anfficient quantity of gas for long journeys, 

"The most successful of those wbo have attempted the light- 
ing of carriages with gas, has been, I believe, Mr. !NewaU of 
Lancashire. That gentleman has at tlie present time ii 
tion on several railways {for short journeys only), an apparatiB 
consisting, in tbe first place, of an india-mbber bag, of mnch tl 
same appearance as an accordian bellows, which, when i 
with gas, opens out to its full extent, and then, as the [ 
burnt, closes gradually by its own weight, until the gas is coa-' 
sumed. This bag can be placed on any part of the train o 
riage, or in a compartment of a brake van, the latter plan being 
generally adopted by the various railway companies who have 
used this plan of illumination. 

" "When the bags are placed in a brake van, the service-pipe* 
are run along the roof of each carriage, the one carriage being; 
connected to the other by means of india-rubber tubing and 
L-joints, so that the carriages can be connected and discon* 
nected at pleasure. Attached to the service-pipes are bracket 
burners, let into the carriage tops for the purpose of illuminatingl 
the interior. When aU the fittings are complete in the various 
carriages, the bags are inflated with gas in the following 
manner : — ■ 

"There ia placed, in any convenient spot, a laj^e receiveiii 
which is supphed with water from a height (say 30 ft.) by n 
of A pipe and Btop-vaLve. Another ^\^ %nd oto^valva are oi 
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nected to the receiver, for the purpose of supplying it with gas. 
There are also two outlet pipes, fitted with stop-Talves, one for 
water and the other for gas. The outlet-pipe for the gas heing 
carrieJ to the place required for charging the india-rubher baga, 
a hose pipe is made to connect the bags with the pipes from the 
receiver. Before filling the bags with gas, it is necessary to ex- 
pel all the air from the receiver, so as to prevent a possibility 
of an explosion. To effect this thoroughly, the valves of the 
outlet gas and inlet water are opened until Uie receiver ia filled ; 
then both are closed, and the outlet water and inlet gas are opened, 
the vacuum formed by the receding water being filled by the gas 
&om the inlet gas pipe. When the water is all withdrawn from 
the receiver both valves must be closed, and the coimoction made 
with the gas ba^ the water-supply and gas-discharge valves be- 
ing also opened. The water will then rush in, forcing the gas 
into the bi^js. When the bags are filled, care must be taken to 
turn off the valves immediately, or the bursting of the hags from 
the pressure given by the column of watei' will follow, the bags 
not being made to stand much pressure beyond that required for 
burning. The hags being now filled, all ia ready for lighting. 

"By this plan, for every cubic foot of gas required, one cubic 
foot of room ia needed, the column of water being merely used 
to facilitate the chai^ng of the bags with gas. If we suppose & 
train of 20 caniagea to be going from London to Glasgow, it 
would require at least 60 lights, each light burning 3 feet per 
hour. To supply this quantity of gas, the sole use of 2^ vans, 
measuring 20 feet long by 7 feet wide and 6 feet high, or a 
space eqaal to 2,340 cubic feet — or, in fact, one-eighth of the 
whole train — would be required to store the gas. Another weak 
is the liability of the baga to become injured at the comers, 

lb injury being caused by abrasion and the wear and tear of 
felternate motioa There is also another objection, which oon- 
lae of water in charging. In using water at a pres- 
sure for foreing gas, a large quantity of the illuminating qualities 
of the gaa are absorbed, and the light ia rendered very poor, A 
yet further objection should not be overlooked, viz., that when 
the bags are charged with gas, if they were allowed so to remain 
for a nnraber of days, they would in all probability become very 
dangerous niAchiiio^ from tlis &ct thut ek "romM ^eoatnto^ 
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thraugli them, and take the place of an eqnal qaanlity of gsilf 
leaving the contents a highly cKpIosive componnA 

"There have been several other plana au^ested for the light- 
ing of railway carriages with gas, but not having been able ta 
find out where they have been at work, I am unable to spea) 
with certainty of their merits or demerits. Some are much tbi 
same as the gas bags, and some are intended to work hig^ 
pressure gas. I have cppies of the specifications of two patentij 
with drawings, &c., which may be examined by youiselvea, 

"It appears to me that gas bags are the best means of railm 
carriage hghting hitherto in the field, but that there ai 
strong objections to their use for them ever to become extensivet 
employed. What is really wanted is a vessel that will oariyj 
large quantity of gas iu a fimnll space, and give it out for c« 
Bumption with uniformity. 

" I have no doubt you have all heard of the High-Fressiq 
Portable Gas Company, which was started in London many yen 
ago, but when I tell you that there was no difficulty in obtuq 
ing at that time high-pressure gas, but that their difficulty coik' 
aisted in giving on uniform light, you will understand why thp 
Company failed. Their mode of giving light was by means of 
a peculiarly-constructed cock, which required constant a 
and care to keep a regular flame. Now anything that wants mu 
attention will not do for a railway company ; therefore it w 
necessary to construct something which should be at once ee 
acting and effective^ and which would give an uniform light En 
a high-pressure holder, no matter what the pressure within 
might be, whether 5 lbs. or 500 lbs. per square inch, 

" Seeing that the bags were not the best appliances possible, 
set to work to try if I could not devise something better, and 
the results of my labours have been that I have now at work OQ 
the South Eastern EaUway a carriage £tted with apparatus fcK 
regulating the pressure of gas with a high-pressure chamber Dl' 
holder, the cubical contents of which is 8^ feet. This holder 
when charged with gas to a pressure of 135 lbs. per square intlk, 
supplied two No, 3 burners for a period of 16 hours, ^vingai 
uniform light the whole of the time. 

"Let me now deactiNie ttiie marawit Vi^ "wliich this is effect*) 
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•„ ■with the enda welded up. These are fixed on the bottom 

r the carnage, and are connected by means of a. small pipe tn 

a hJgh-preasTite hulders. There is an inlet and an outlet pipe. 

inected to the outlet pipe I have a regulator fbtc-d This 

iter consiBts of a corainon gas holder, working in water, the 

kiter forming what is known as a hydraulic joint. The regulat- 

^ bolder has an inlet and an outlet pipe, the outlet pipe being 

nied to the burners in the carriage, and the outlet pipe of the 

h-pressure holder connected to the intet pipe of the regulatiir. 

\ between the inlet of the i^ulator and the outlet of the 

Igh-presaure holder ia a slide valve, worked by a lever. The 

t of the slide valve is of a v ehape; and the lever being con- 

Ected to the regulating holder by means of two rods, wlien the 

olating holder rises it depresses the valve and closes the port ; 

Ihd, on the contrary, when it descends, it lifts the valve and 

B the port 

•'When you charge the high- pressure holder with gas, the gaa 

e through the high-pressure holder into the regulating holder, 

a the regulating holder rises it gradually closes the port ; 

d when the port is closed you continue to chaise until you get 

d pressure. When this pressure is attained, all ia ready 

t lighting. 

" The regulator works as foliowa : — When the gas ia conanmed, 

he regulating holder descenja and opens the port, and admits a 

li supply of gas from the high-preaaiire holder, and continues 

o to act until all the gas is abstracted from the high pressure 

tlioltlQr, the regulator insuring an uniform light the whole of the 

K^me. 

"The high-pressure holder ia charged by means of a force 
mp, worked by a steatn engine, pipes being laid from the pumps 
a convenient places for conneoting the carrit^es, the connecting 
"ft being lead pipes and ' unions.' 

"By my arrangement it is thus possible to fit up a carriage 
Kth high-pressure holders (every carri^e to carry its own) to 
told sufficient gas for the supply of two No. 3 burners for 60 
r, with the same space at my disposal that is required 
r gas bags, I could carry ten times more than my present sys- 
m, and give an uniform light the whole of the time. 
" It will perhaps stiU be said, What an the iiwiii adTantageatJ 
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the pressure plan over the present sy atem of bags ) I ansffer 
that ; — First, — you may carry the same quantity of gas in one- 
tenth the space required for the bat's. Second, — ^That the appa- 
ratus, being made of iron, is not likely to fiul, either by giving a 
little too much preaaure or by being over-wtrkeJ. Third,- 
the holders being required to atiind a great pressure, there is no 
chance of the iiir getting in and making the contents ex] ' 
by the operaticin of the law of difTuaion." 

99, Railtoay Breaks. — "Inapaper on the subject, in. Gotmot,M. 
flammariou calculates that if a common train, going at the ntt 
of 40 kilum.6trea per hour, or 13 yards per second, were stopped 
instantaneously, the passengers would experience 
equal to that of a body falling from a height of 19 feet; thay 
Avnuld be hurled against the sides of the carriage with a fonsa 
equal to tiiat they would be exposed to in falling from a windov 
on the second floor of a house. If the train wore moving at tha 
tate of 50 kilometres per hour, they might as well jump from a 
height of three pair of stairs ; and an express train would, in p(Hitt 
of fact, make tliem fall from a fourth story. Instantaneons breaks 
are, therefore, not to be thought ol^ and, fortunately, have not 
been inyented ; the impetus of a train, even at half-speed, being; 
much too great for any mechanical means of instant Btopp^;&. 
A break, though instantaneous in stopping wheels, will still lesvOi 
the train to go forward a little as a projectile, so that there is no' 
fear of any break ever to be invented, perhaps, being too 
taneoua in imminent danger. M. Achard, a civil en^nee^' 
according to Oaligtiam, has invented e,a electric break, whicii 
simply consists in keeping the break or shoes, which lie oppofiito: 
the wheels, away from, them by means of an electric current; at 
soon as the latter is interrupted, the break falls upon the wheels 
and the speed of the train is slackened in consequence. All tha 
engine-driver has to do is to put his hand on a small intetmpto,- 
having much the appearance of a door handle, and this takes him' 
leas time than giving the alarm by means of the vifhistle. Two 
small Eunaen'a elements are employed to produce the coiten^' 
which are kept in a wooden box." 

100, The Whitehall and Waterloo Pneumatic Railway, — ". 
ia said the works of this proposed railway will be t 

lecUately on the necessary Purliamentary pqwuB 
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tained. The proposed line will commence at an open Btation to 
be formed in Great Scutland-yai'd, and be continued in brickwork 
under tlie Thames Embantment to the river ; across which it 
will be carried in a water-tight iron tube, encased in cement 
concrete, laid and fixed ia a channel dredged out of the bed of 
the river. From the river the line will be continued in brick- 
work under Coilege- street and Vine-street, to a station convenient 
for the traiSc of the York-road and the Waterloo termiiius of 
the South Western Eailway, The steepest gradient will be 
1 in 30. The trains will be worked to and fro by pressure and 
exliaustion alternately, and at intervals of from three to four 
minutes from each end ; a frequency of despatch hitherto unat- 
tampted. The carriages will be ua commodious, as well-lighted, 
and as completely fitted for the comfort of the passengers, as those 
of the MetropoUtan Eailway. The iron tube will be made by 
Measre. Samuda, and the laying of the tube and otlier wori^ 
will be undertaken by Messrs. Brassey and Co. The principle 
upon which the line wili he worked will be the same aa that 
adopted on the experimental railway in the grounds of the Crys- 
tal Palace. The machinery will be on the Surrey side, at the 
York- road station. The whole of the woiks are to be completed 
in twelve months from the date of the commencement. The coat 
of the undertaking will be about £130,000. The pneumatic 
aystem, by which air is applied to railway propulsion, and the 
incumbrance of the locomotive is got rid off, dittbrs materially 
the former atmospheric ayatem. Under the new system, 
l)Hie train is wholly within a tube or covered way, through which 
it ia rapidly propelled by the pressure of the air behind it, so 
that not only are all the difficulties attending the continuous 
valve and the consequent leakage avoided, but the advantage of 
working with greatly reduced pressures, and with proportionate 
economy, ia obtained. Thus, while the old system necessitated 
• pressure of from 120 ounces to 160 ounces per square inch to 
mavu the train ; under the new, a pressure of tliree ounces or 
ibtir onncea per square inch ia found sufftciont Indeed, in its 
present form, the pneumatic system is simply an adaptation of 
the process of sailing to railways ; the wind being produced by 
steam-power, and confined within the limits of a tuba," 
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101. On eleaning Iron Ships AJhat. — The moat remarkaMl 
feature of late years in what is called " Marine Arcliitectura," 
is the substitution of iron for wood. Numerous as are the advaa 
tages derivable froia the use of iron, ships built of it alwaji 
labour more or less under the great :f£sadvantage, their liabil* 
ity to receive a deposit — on the parts under the water lin^- 
of molluscous animals, bringing sboat what is technicsllj termei 
the " fouhng of the ship's bottom." So serious a matter is thi 
involving loss of speed in the sailing of the ship, that a 
most every means have been adopted to prevent the attacks d 
these animals, and to secure the clean state of the ship's bottoni 
so essential to her good sailing condition. la a paper read h 
fore the Scottish Builders' Association, Mr. John Harrison go 
pretty fully into the actual history of the aniniHla which a' 
iron ships, the modes in use to prevent these, the reason of tbd 
failing, and of his own method of getting rid of the difficult} 
After noticing the use of copper — which is by far the beat a 
terial which is in employment — Mr. Harrison points out I 
" It is not the poisonous nature of copper which prevents t' 
creatures from fixing upon it, for indeed they do fix upon it^ ■ 
fast as upon any other substance, but it is its rapid oxidation <t 
scaling off which prevents their remaining after they do fix. It il 
therefore, my opinion that, if ever a covering ia found to protei 
an iron ship from fouling, it will be a pigment of some sort thi4 
will possess the same property as yellow metal or copper — namelj 
of acahng off and continually eleaning itself. 

" It was in this direction that I lirst extended my inquirisi^ 
and my proposal was to cover the iron plates with copper to I 
considerable depth before building the ship, and to give the Iw 
metals a metallic connection, so that there should be no galvani 
ftction evolved between them. These two metals, however, I 
" ^ty. They will not weld together as iron will, and, tl 
ivas with considerable difficulty that I succeeded in i 
By a certain chemical process, however, it was d 
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8 you will see from some small samples on the table. Whether 
Teasels may ever be built in this way I do not know, there being 
still some raechanioal diffioulties in the way which I have not 
as yet been able to remove. But on this question I will not 
dwell, (<iT althaagh prevention is said to be better than cure, the 
qnestion of prevention is as yet a gucttio vevata on which not 
two »re found to agree, but which, in the absence of facts, may 
continue to be a feir field for experiment and speculation, 

" Let us, therefore, now loot at another phase of the sahject, 
namely, since we cannot prevent these colonising fishermen 
firom squatting on our property, what is the beat way of ejecting 
theml I answer at once, by mechanical means alone. This, in 
my opinion, is the most effective plan, and the cheapest Many 
attempts have already been made in this direction. Some ship- 
maetere have tried the friction of a chain on the bottom, others 
a series of wooden bars with pieces of iron upon tbeui. One 
machine, at present in use in the navy, is oalled a 'hog,' and con- 
sists of a circular brush, shaped like a barrel, and which they 
cause to revolve beneath the vessel longitudinally from stem to 
stem. Another machine has been tried in Liverpool, consisting 
of & rope ladder, the steps of which are broad pieces of wood, one 
gida being covered with bristles, forming a series of brushes, 
while on the other there is a piece of iron forming a series of 
scrapers. This is placed round the vessel, and is wronght by a 
eort of sEB-saw motion, rubbing up and down. 

" I have reason to know, however, that neither of those plans 
have given satisfaction, and whoever has examined the degree of 
tenacity with which these creatures oling to the iron, must know 
that it is not the soft persuasion of a brush, nor yet even a 
gentle rub, that will induce them to loose their hold Nothing, 
indeed, but a sharp steel edge, equal to that employed by the hand, 
can ever make any impression upon them, 

" The mechanical appliance for oleaning vessels afloat which I 
have the honour of submitting to you this evening, conaiats of 
what may be shortly described as a travelling lever, fixed in a 
movable frame. The working model before you is precisely the 
same as the actual instrument, only it is made to a scale of one 
inch to a foot, or one twelfth of the actual size. The frame 
vooden aledge held close to the side of the sbli^ bj two 
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upon which it travels ax upon s. railway, down to the keel and 
back. It ia wronglit vertioaliy over all the ahip, except upon 
tho quarter, where it should be angled towards the stern, to al- 
low it to go into the ' run ' of the ahip. 

"Tho line A, A, A, fig. 33. is an outline of the right side ol 



the aledge, the left side being removed to show the interior. B a 
an upright fixed to the crosahar C, by the ring boH D. Xo thia fixed 
base the other two sides of a triangle, ^ E, are attached, hi' 
jointed and movable, while the lower aide of the triangle ( 
passes through double sheaves, beyond the base, ending in an q 
for the attachment of the scraper-rope at H. Upon the apex ( 
thia triangle, at I, the scraper-blade ia fixed, being set at ligll 
angles with the shaft, and the long eara at K being at ngli 
auglea with the edge of the blade. 

" As is ehown by the dotted lines L, M, when the rope H i 
hauled upon, the scraper leaves its position at K, and deacenda fa 
L, where, being beneath the level of tho frame, it cornea hard ii 
contact with the plates of the ship. 

"The lever being atill further hauled upon at the fulcrum al 
O, its longest end pushes forward the bar B, making the machiil 
travel forward on the Imes P, which pass through the dontijl 
sheaves at Q, Q, while the scraper-blade at L continues its oonM 

K.tlw ship's plates, sweeping every thing before it ■ 
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" By constructing the long eara of the blade at right angles 
with the edge, tbeyperform the threefold office of keeping the blade 
within the frame while passing over a hollow at the bow, or the 
quartet where the blade ruquirea to descend, as is seen at M. 
They also form an inclined plane for leading the edges over the 
landings of the pUtes, so that it is not impeded in its vertical 
course from the keol upward to the bulwarks. They alao prevent 
the edge of the scraper frnm going too deep and injuring the 
paint on the plates, as the edge can never go deeper than the 
parallel of these inclined planes. 

"The ropes 8 and T are used, the former for lowering down 
the machine and adjusting it ; the latter, aa will be seen on the 
model, is for hauling the machine down to the keel against the 
natural flotation of the fi'arae. 

" As to the power of scrape which the machine possesses, it 
can be regulated to almost any amount consiateut with the strougth 
of the materials of which it is made. By keeping a gentle strain 
jpoQ the back rope at T the machine will be harder to push 
along at B, and the power of scrape at L or M will be propor- 
tionately increased ; or by slacking the rope at T, and also throw- 
ing the guide-ropes slack P, P, tlie machine will be relieved from 
the pressure against the aides of the ship, and will be conse- 
quently easier pushed along at Q ; and the scrape on the ship at 
L or M will be lightenetl in proportion as these ropes are slaoli- 
ened. 

"The other wooden frames or fenders which stand at the keel, 
Che bilge, and against the topgallant rails of the ship, are merely 
for the purpose of holding the ropes that guide the machine and 
for carrying the running tackle through double sheaves, and so 
preventing the friction and abrasion of the ropes against the 
plates. 

" Such is a brief outline of the mechanism of this instrument 
It is exceedingly simple in its construction, and easily managed 
in its working, It is moved fore and aft the ship by fleet lines 
attached to the fender at the keel. It is thus perfectly under 
command, and can be sent down to any part of the ship's bot- 
tom; and if it is at any time desirable merely to try the condi- 
tion of the plates, it is only necessary to attach a bag of thin 
cloth, or small mesh net, to the instrument at tbo part from I to ^ 
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Q, and it will bring to the Buriace whatever it takes from the hot 
torn, 80 that you may always know whether you are taking 
thing off, or whether there is anything to take off. 

" From the glance that we took at the natural history of th 
barnacle wa saw that they only inhabit the shallow waters, 
therefore, a vesBel be gone over with thia scraper immediate^ 
before leaving a foreign port, and perhaps get into another gran 
over, while waiting for wind in the tropics, she will come hon 
here comparatively clean, nearly as clean as when ehe went on 
If so, then the object so much desired will be gained. Iron shii 
will acquire that ascendency in point of speed which the materia 
of their construction ought to confer upon them, while the 
pense of keeping them clean will he leaa than the putting of cop 
per ou a vessel of wood, and thus it ia hoped another step 
he gained ia the great march of industrial progress. 

102. Iron and Iron-plated Ships. — "The Duke of Somerset,' 
aaya a writer in the " Steam Shipping Journal," " First Lord d 
the Admiralty, lately presided at a meeting of the Society of Artq 
at which a paper by Wm. Fairbairn, LLD., F.E,S., was read 
' On the Application of Iron to the purposes, of Naval Construe^ 
tion.' The subject was one of great public importance. Evei 
since that meeting threo iron steamers have been wrecked upoBf 
our coasts, catastrophes which have been attended with fatal sar\ 
crifice of life, and would seem to imply either that our know- 
ledge in that branch is still very imperfect, or that it has notj 
been applied with sufficient care to our sea-going ships. i 

" So far as the Warrior, and the other specimens of war ehip^ 
enable us to judge, the armour is altogether extraneous, and ift! 
merely intended for defence, without being in any way wrougl 
into the iabric, so as to be conducive to the durability of 
structure. Until thia point is decided, ships of war cannot 
built on scientific principles, and the consequences of the di 
may possibly remain practically undiscovered untQ revealed 
the terrible experiment of war. The question between i: 
wood as the material for their construction still remains also. 
unsettled, K wood is ultimately to be preferred, and we maalA 
have armour plates, all that can be done is to hang the plates onT 
the sides as a protection; if, on the other hand, the entire strut 
. tuieis to be of iron, the annour plating ought then to form 
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of the ship. The same fallacious confusion would seem to have 
prevailed aa to the conettuctign of toiEeta, of which wo have 
heard so mach, and on which auch suina of money have heen ex- 
pended. If, in the formation of a target, our rulera merely 
wanted a body capable of resisting shot, the matter was simple. 
All that waa requii^d was a eomethisg as Kko an anvil as possi- 
bly could be — a lump of iron of the best texture — for such an 
ivil of proper siiw will assuredly resist shot. The targets, how- 
which have hitherto been subjected to trials were generally 
ns combinations of iron and wood, having a two-fold object; 
they left the problem as yet unsolved, how such enormoiia 
weights were to be introduced so as to form component 
of the frame, and this point must be settled before we can 
it of having really built an iron ship of war, 
The application of iron to the formation of floating bodies is 
one of the many great improvements in acts and manufactures 
which this coantry has been destined to witness. Rolled plates 
first employed in the construction of steam boilers, but we 
ive evidence that they were adopted in the formation of iron 
' boats, aboat the year 1812 in Staffordshire, There would 
jeem to have been an interregnum of progress for a period 
of ten yeaia, when, in 1 832, we find that the Horseley Company 
built the Aaron Manhj of iron, The frame was sent to London 
in sections, and, being reconstructed, was navigated to Havre 
' Paris by the late Admiral Sir Charles Napier. It might 
Lve been expected that comparative success in this instance 
Id have stimulated exertions in the same direction, but inno- 
lona of magnitude required time to brii^ them to maturity. 
rber period of rest ensued, when, in 1829, Mr. Houston, 
Paisley, ascertained that passengers might be conveyed in a 
iron boat drawn by two horses on a canal at the rate of 
18 or ten miles an hour. At this very time a new and unex- 
Jted era in the histoiy of transit burst unexpectedly upon the 
the experimental tests and competitive trials of looomo- 
'e engines at Eainhill, preparatory to the opening of the Liver- 
pool and Manchester £ailwBy. Alarm immediately seized all the 
oanal proprietors, and the speed so attained by the iron boats 
fhmished the only gleam of hope that they would be able to 
emapetB with any prospect of aacoeaa ag^ns^ fti« y^'W'^^^ 
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H gomsm of the locomotive and the roil — an anticipatioii vhitsh 
H proved aignftllj Mlacioos. The appliance of ateam to ti'anfiit on 
V land, then in its infancy, was followed by the introdnction of 
iron vessels, also propelled by steam, on the Forth and Clyde 
Canal; and shortly afterwaida the Alburka, a amaU iron boat 
with a shallow draught of water, built by Measrs. Tjaird, was sent 
to Africa for the exploration of the Higer. We can scarcely 
imagine a more striking contrast than these small beginnii^ 
present when compared with the enormous inciease and present 
extensive uae of iron as a material for ahipbuilding, in its appli- 
cation not only in this countiy, but also in every Maritime Steto 
of the globe. 

" Ductility and tenacity are the properties most highly valu- 
able in iron, and constituto the true measures of its etrength and 
practical utility. On no account should any plate be permitted 
to enter Into the construction of any eea-going ship that is not 
capable of enduring a tensile strain of SO to 22 tons to the square 

I inch, although, unfortunately, many plates are employed which 
are conaidcrably beneath that mart Boats on canals and nveis 
may possibly venture on an inferior standard of quality, but there 
is no economy in the use of bad material, which is neither safe 
nor durable. The experience obtained during the erection of 
the Conway and Britannia tubular iron hridgea — the strains ii 
ship and in a mouater giider being nearly analogous — has led to 
great improvementa in the mode of uniting the joints of the 
plates which constitute longitudinal sheathing. The riveting 
machine has been invented for the process. Aa rivets are 
Berted hot and compressed hy the machine, the joints are brought 
closer together by contraction as the rivet cools. The relative 
etrength of the joints of plates, as compared with the plates 
themselves, is an important element in the constniction of a se- 
cure iron ship, aa the action of a vessel pitching at sea ia a con- 
tinued series of alternate straina. A vessel of war covered with 
platea, or a trading ship with a full cargo, when meeting 
gale, plunges heavily in a rough sea. The waves meet her 
ith violent shocks, which not only tend to slacken her speed, 
it cause her to tremble or vibrate on the crest of every oppoa- 
Jg wara This ia mote 8.'p^o.wiv^.\Q.\ici-a'&s3,-a.\ji-« 
~ ^tending the vjeiftV'tmN.'aftiaisft^vso. 
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1 the strains are increased j and, as a general rule, the weight 
ight to be concentrated as nearly as possible towards the centra 
f the ship. As the centre ia subjected to great tensile strain, 
inlj safeguard ia increased strength at midships by strong 
longitudinal keelsons and double bottoms, with a sullicieDt num- 
ber of water-tight bulkheads, dividing the ship into seToral dis- 
tinct compartments. The engiaes being also placed in the centre, 
materially increase the weight in that quarter; and to central 
weakneas may be traced the melancholy fate of dcveral ocean 
eteamera. A striking illustration of the disasters attendant on 
deteotivQ construction has very recently occurred in the loss of 
" e mail steamship Jura, by striking while at full speed upon 
B Crosby Spit, a narrow sandbank at the entrance of the Mer- 
The fore part of her keel became fixaA on the hank, the 
3 hanging in deeper water, and sbe parted in the centre, ea- 
rely from the want of a judicious application of iron binders on 
a side of the upper deck, so placed as to balance the area of 
B hull, and resist the tension which literally tore her to pieces, 
me is an element in the endurance of structures when subjected 
e strains, affecting their ultimate power, although it is 
ifficult to determine what ia the correct measure of safety — 
Vhether one-fifth or one-fourth the breaking weight ; but we have 
ample data to be assured that every disturbance, however minute, 
in the molecular formation of bodies, finally tends to their de- 
struction, and it is only a question of time when the rupture ia 
ne. We may, however, assume that a ship aa well as a 
a practically secure for a series of years when the strains 
not exceed live tons to the square inch upon the wrongbt iron 
lates of which it is composed. In determining the distribution 
f the material in the difierent parts of the vessel, so as to esta- 
[ish, as nearly as possible, perfect uniformity of strength, it is 
Bsential that the resistances should be proportioned to the strains, 
s to maintmn the balance of opposing forces. This branch 
E the subject would properly fall under the supervision of that 
Ktion of the Board of Trade which is supposed to be devoted 
Kavigation, but it would seem to have been but httle studied ; 
pid after so many wrecks of iron steamers, it ia not surpriaiiig 
A that department of the Administration doea not stand high 
k pabUo estimation. 
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"The present class of war steamera are nearly double the 
length of fonner sailing vessels, hut with a view to increaaed 
epeed, their depths are much less in proportion, so aa to render 
their power of resistance considerably leas than would be the caaa 
had the oM principle of conetruction been observed. Contrast Bi 
firstr-rate built in the last century with the Warnor, and y 
have the length of the former, 260 feet; breadth, 60 feet 1 inch; 
and the depth, 53 feet 10 inches; while the length of the latter 
is 380 feet; breadth, 58 feet 4 inches; and depth, 42 feeb 
When the comparative weight is distributed, the Wan'ior will b^ 
found to have but little more than half the strength of the Via- 
iory. This is a matter for grave tefle«tion, 

" It has long been settled that a ship was a girder in principle J 
but another great question of the day to be determined is, wheth^ 
our ahipa for the Kojal I^'avy are in future to be constnicted c 
wood or of iron, or aiter the example of the targets, of both — 
that is, of iron backed by wood. The commerci^ advantages of 
iron in the construction of ocean ships would seem to be 
knowledged by the universal testimony of the mercantile c 
munity ; but fouling bos been hitherto found to be one of tha- 
great difficulties with respect to iron vessels of war. Sheathing 
iron ehipa with timber, and then covering the sheathing with 
copper, haa failed. The galvanic action cannot he counteracted; 
it proceeds between the iron, the copper, and the salt water, . 
uotwithatanding strips of intervening material, and ii 
every device which haa been as yet suggested by u 
phalte has been tried, and a coating of brickwork covered with 
asphalte, but it was found that the brickwork only contributed 
objectionable weight. There might not be immediate metallic 
action, but the water was in itself a sufficient medium to carry 
oo the galvanic effect, which accumulated at the point of contact 
in the iron plates. The mischief was less to be apprehended in 
the lighter construction required for mercantile purposes; but it< 
was a formidable, and as yet irremediable, defect in iron ships of 
war. The possible effect of modem shells on wood sheathing 
has also to be considered. According to the opinion esprossed by 
Captain Selwyn, E.N., such sheathing would probably be stripped 
off before the ship had been ten minutes in action, or would 
; and eraea i£ ftw.'^wA ^^t* TfodawA ^artiBlly in* 
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Bjmbnetibte, which no donbt could bo effected, the smoke from 
fte smouldering timber would be likely to render the sliip ua- 
tenable. The Admiralty was certaiiilj placed in a position of 
difficulty, being suddenly called on from all quarters, in conse- 
fuence of the ambitious efforts at superiority of the French 
irine, to provide war shipa of the best iron and projectiles of 
! beet steeL To these sources of embarrassment was to be 
kdded the perhaps still greater difficulty of finding and applying 
'tne mechanical tests of the resisting power of the former, and of 
he destructive force of the latter. The discussion at the Society 
i Arts was closed by this important and startling admission 
rom Dr. Fairbaim — who has always been a strenuons advocate 
t iron in the structore of our war ships, and was also a promi- 
lient member of the Commission of Inquiry on the subject of 
-that if we were to have 300 or 400 pounder guns, 
uraa a question with him, being limited to a certain thickness 
i weight of plates, whether it would not he better to be with- 
; armour plataa altogether and allow the shots to go through. 
t VBBaels were to be' covered, according to the most modem 
I, from stem to stein, and five feet below the water Une, they 
I not carry plates capable of resisting guns of such large ca- 
re; and with such a description of naval ordnance, his opinion 
a that we should have a more secure aud better navy without 
' plates than with them. This announcement, coming 
3 authority generally considered so competent, may excite 
3 certainly not a. very encouraging prospect for the 
I, after the anticipations we have formed and tho expendi- 
e we have witnessed. We may perhaps find ourselves reduced 
) the position of those knights of old we read of in ancient 
Aronidea^ who, encompassed with armour plates, and encum- 
tered by their weight, when unhorsed lay helpless on the ground 
nd were easily dispatched by the dirks of the 
Sghter equipped men at arms. It would be humiliating, but is 
y no means an impossible consummation, that our splendid ships 
F war, whose iron plates increase their displacement, sink the 
ne of flotation, and impede the speed, should be equally at 
le mercy of light wooden steoinships, capable of the highest 
notive velocity, aud armed with artiUery of the largest size."— 
^Mechanied Jomnal. 
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^P 103. At the meoting in 1865 of the "InstitntioB of Naval 

H Architects," various pspcra of importance -were read. Of theae^ 
H abatracta were given in the "Civil Ecgiueei and Architect's 
^^ Journal," of which wa here take the following :- 
^M {'I.) On the Compoaits System of Shlpbidlilinff, o» a]h . 

^M ptieii to Vesseh of War. By Alexander M'Laine, 
^f " After remarking that veaaela constructed solely of wood are 
not likely again to be built for the parpoaes of war, and that 
it stil! remains necessary to nse wood, in order to secure the pro- 
tection of copper or yellow metal sheathing, Mr. M'Laine further 
I observes, that the strength of an iron vessel is in her skin, and 
not in her frainiog; heuce the solution of the problem is not to 
be sought in an iron frame with a wooden sheathing. More- 
over, he attributes the rapid destruction of iron, esposed evra. 
indirectly to the influence of copper sheathiog, chiefly to ths' 
voltaic effect of the galvanic battery, produced by the infiltratioB 
or leakage of water impregnated with copper into the space ba- 
tween the iron skin or frames and the outside planking. Ha 
^L thence draws the conclusion, that if the space last mentioned 
^m could be kept perfectly clean and dry, without allowing the foul 
^P leakage to come in contact with the iron, the mischief would he 
in a great measure avoided. The difficulties incident t 
a vasBol perfectly tight are very serious, and the author propcaei^ 
in preference, to keep the leakage free from the iron of the 
structure by building vessels with keel, stem, sternpost, fram* 

I and outer planking nearly the same as those of an ordinaiy. 
, wooden vessel ; but instead of the coiling or inside plankii^ 
aiieing composed of wood, it is to be constructed of iron, united- 
objt round at the bottom and heels of the vessel, and madft' 
aotioLiughly watertight, forming a compbte inner skin of iron, 
on thei^eams, stringers, keelsons, bulkheads, platforms, &c, also of 
in the iThe greater part of the wooden fi«me to be merely o( 
the lighfons sufficient for bolting the wooden planking to, and t 
was a foited between iron frames riveted all round the outside o 
war. 'A ceiling. The wooden frames to be fastened to the iioi 
has also I by galvanised iron fore-and-aft bolts, either screwed 0» 
Captain iThe wooden floorings to be made deep in the throat and 
off befor( with plates on each side, riveted to the angle-iron 
be set ouor iron floors to be fitted inside the iron ceiling to si 
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ply the requisite traoBverae sta^ngth. The apron, inner poat, 
and dead wood to be inserted between, and bolted to large angle- 
irona, riveted on the iron ceiling. The outer planking within 
the inHnence of the copper sheathing to be fastened to the 
wooden frames with screw treenails, or with yellow motal bolts. 
The top timbers of the frame to be, by preference, composed of 
teak, and in the wake of the armour plating, the spaces between 
the frames to be filled in solid with teak, or with any other suit- 
able material ; the iron ceiling to be also increased in thickness, 
and additional webframes to be introduced at intervals to resist 
fihot and strengthen the vesseL Owing to the iron ceiling in the 
system of construction described being perfectly tight, no foreign 
matters could get into the spaces between the frames to decom- 
pose in the bilge water, and generate gases injurious to anin^ 
life and productive of decay in timber exposed to their influence. 
These frame spaces, which would be kept constantly dry by fre- 
quent pumping, would thorefore bs eminently eligible for the in- 
troduction of a thorough system of ventilation through the vessel 
by driving a current of fresh air, taken from above, through the 
box keelson, thence through apertures in the bottom of the keel- 
flon opening into each space between the floors, then up through 
the spaces between the frames, and out into the 'tween decks, 
througii apertures in the iron ceiling, grated over and fitted with 
adjustable covers, capable of regulating the amount of the venti- 
lation. The ventilation described would be of immense import- 
ance in furnishing the crew, in any weather, with a regular and 
easily controlled supply of fresh air, and would also, at a small 
expense, immensely increase the durability of the vessel, and a 
three horse engine would probably supply power sufficient for 
'ttie ventilation of a ship of 3000 tons register." 

(6.) On the Construction and Slieathing of Iron Ships. By 
X E, Daft, C.E. — " After pointing out the practical failure of 
paints and other compositions to preserve iron vessels from foul- 
ing, or even to remain in close adherence to the surfiice, Mr. 
Daft brought forward a proposal to re-arrange the plating of iron 
vessels in such a way as to produce a ftiir flush surface, so as to 
afford a good foundation for sheathing. This he would obtain 
by leaving a space or groove between one plate and another in 
&ie akia of the ship J these grooves to \ie'cenS££&' cn'^^^s&.S^ 
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with teak ot ather Euitable mateiial, pared off flash. Butt-Btnw 
■would thus be required longitudinally as well aa vertically ; 
Mr. Daft conBidercd the method to be moia advantagoom 
as stronger than the ordinary plan of hutta and laps, besida 
conducing to speed Without sheathing ha considered such k^ 
surface preferabia for the retention of paint or conipositioi ~ 
he preferred to sheathe, and with zinc. He stated that thi 
^H metal not only preserved the iron galvanically, but that tb 
^H slight exfoliation of the zinc itself, due to the voltaic action a 
^f the iron in contact with it, caused it to exceed both copper aa 
^V yellow metal in cleanliness. He produced a apecimen whid 
V had been immersed for twenty-eight weeks in the eea off 8ou& 
H end. The bare iron was coated 6 or 8 inches thick with wee 
H and barnacles. The zinc was clean, and bad only lost a twenty 
^b fourth part of its original thickness. A specimen of a aimila 
^B experiment had heon deposited in the Ifaval Galleiy of thi 
^H South SensingtoB Museum." 

^1 (c) On a Proposed Method of Combining Wood and Iron A 

I Composite Skips, By Michael Scott, C.E, — "The anthor statei 

that his method combined the strength of the iron ship with tb 
capability of being coppered afforded by the wooden ship. 

i leading featnres of the plan were as follows : — 
" Pirst, the iron structure. — This with the following excepdom 
was described generally as being similar to an ordinary iron hMj 
The exceptions were — 1st. The frames formed of T iron, strongs 
and spaced further apart. 2d. Amidships and extending t 
the furthest forward and the furthest aft bulkheads, the v 
only plated to the lower turn of the bilge, the ends only beinj 
plated complete. 3d. The joints of the plating all bntt-jointa 
the plates close to the frames ; liners dispensed with, and tJi 
butt strips outside. 4th, Extending from the upper edge of tb 
bottom plating to the lower edge of the sheer strake, a series a 
diagonals formed of flat bai-iroa riveted to the plates at top aiu 
bottom to the frames, and to each other wherever they cross ; I 
framofforb is thus obtained having the strength of an iron ship 
but it is only a skeleton which requires flesh and sHn in ord 
to become a complete body. 

" The next step, therefore, ia to fiU the spaces between t 
I fauaes eolid with two tbiotenasaea A^ocA,'iask uviust'ifiBkEai 
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iposed (If timbers running parallel with the frames, and the 
thickneaa of timbers runiuiig at right angles to the frames, 
onter thickness would he cteosoteil and caulked. The inner 
s may, or may not, be similarly treated. And both 
sea would be fastened to the diagonals with iron bolts 
through all If preferred, both thicknesses of wood 
:ht be placed vertically, the one corering the seams of the 
la order to bring the surface of the wood outside, flush 
the surface of the diagonals, the spaces formed by these 
Id be filled with thin hoards in two thicknesses, one set of 
filling between the inner diagonals, and another set be- 
in the outer diagonals. Over all would come the outside 
like that of an ordinary wooden vessel It would be 
ined by treenails or by copper bolts passing between the 
inala and frames, and through the several thicknesses of 
Mr. Scott then proceeded to describe the detail of the 
itruction of the bow and stem. The author considered it an 
>Ttant feature of his method that, whilst bolts are employed 
:eep the wood in place, the strain to which the vessel is ex- 
> not taken by these holts. The internal capacity is as 
proportion to their displacement as in iron resseb, and 
tter tlian in wooden vessels." 

(d.) On soTTte Meeettt Experiences in Marine Engineering, By 
Robert Murray, C.K, LN.A. — "This paper was intended to give 
a record of Mr, Murray's experience on certain controverted points 
of marine engineering, namely, surface condensation, combined 
cylinder engines, superheating, the relative advantages of screws 
tta compared with paddles, and the durahihty of shafts. 

Surface Condensers. — It was found that the water, while free 
from salt, was apt to become very foul, the result being that the 
tubes of the condenser got blocked up, while the boiler was ex- 
posed to even more rapid deterioration than under the influence 
^ hot brine. There was a set off, but not an adequate one, in a 
I'jfliminished consumption of coal Mr. Murray thought that, on 
s -whole, there was Httle or no saving in their use at present 
Combined Cylinder Emfiites. — By a comparison of the per- 
formance of the Poonali, IJelhi, and other vessels of the Peuin- 
anlar and Oriental Company, with the Saxon and Roman of the 
GlVB^ Sfelil Compaaj, Mi. Murray waa Wl \a t\v& (^Q£,V>ia^aa. that 
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y Bueh Eidvantage ovor the single cylinder aa would 
I fgr the increaBed weight and compleKitf of the com^ 

Super^ieathig. — Mr. Murray atated that it might now be 
ddeied &s certain that thia process is desirable fur all veaaelB 
which make long voyages, and which iise expansion in the cylin- 
ders to any considerable extent. In the smaller class of coasttog 
and river eteamers, where the trip was short, and the enj " 
not worked so expansively, superheating did not answer so well, 
la any case the temperature of the steam at the sitperheatet 
should be hmitod to 320" or 350° at the utmoat. 

Screw V. Paddle, for Ocean Steaming. — Mr. Murray considered 
that this qnestioa was by no means in a settled state, and dis- 
cussed in detail the circumstances under which either method 
had advantages over the other. He remarked that screw ve 
were oRen placed under circumstances dLsadvantageous for com- 
parison by being underpowered. 

Shaftt. — Mr, Murray stated it as an established role, that, 
shafts, whether paddle or screw, wUl not last beyond a limited 
time, failing sometimes after hvo years' work, in other cases liut- 
ing ten or twelve years, but always being deteriorated by uu 
After discussing the canee and manner of this deterioration, b 
atated circumstances which led him to form a iavourable opinion 
of the recent introdaction of steel instead of iron for the shafts 
both of paddle and screw engines." 

(e.) On the GonatrurAion of Armoitr-cl-ad Skip) of War. By 
Eear-Admiral Sir Edward Belcher, C.B. — "Sir Edward Belch^ 
commenced by remarking that no reasonable tbicknesa of iron 
plate, as apphed at present^ or proposed to be applied, for tha 
coating of our iron-clads could be expected to withstand the 
heavy ordnance which it ia contemplated to use for service afioat^ 
and that our ships of war were at present so over-pressed with 
armour that they were virtually inefficient as rapid, handy, and 
active cruisers ; his attention had therefore been directed to a 
different mode of presenting the iron works, of rendering the hnll 
less penetrable than it is at present, and of diminishing the effect 
where penetration is effected, as regards splinters. Eventually, 
if the vessel were constructed, as r^ards her ribs and hlling be- 
tween thein, on the plan pio^sed hj tha author, then eiie could 
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b planlced and eheathed wilh copper Bimilar to onr old timbet- 
kilt yesBela j free, moreover, ftom the liability of water coming 
I all in contact with the iroa By the practice at present pnr- 
i, the heavy and unmanageable iron plates, varying in weight 
~ J 4 tons, depended for their security of attachment to 
I Blender framework upon through-bolte, screws, and other 
(aptationa, all proved more or less insecme ; and as yeti none 
essels had been subjected to the reality of an action, 
I much more dangerous trial of grounding, or the coatinned 
ticussion of severe gales loosening the &stening within as well 
I without — for the treatment of the targets at Shoeburynesa wa8 
t to be compared with active wai-fere. But even there it had 
L proved that no thickness of metal yet presented for teat 
i withstood the heaviest gun we even now possessed. But it 
8 not the penetration which was most to be feared ; it was the 
t of the shot or shell after penetration, the yet untried difG- 
ftty of remedying the disaster resulting from one well-directed 
fOi, and the insufRciency of the hull itself to carry tlie guna 
'"h that amount of armour-plating which was intended to pro- 

I " At the late meeting of the British Association at Bath, Sir 
Mward Belcher had given an outUne of what he had now mora 
Tilly matured. He began by assuming that as our ships were 
■y baskets in regard to resistance to these heavy guns, we re- 
L the first instance, irrespective of the ordnance, such 
liella or carcases of ships as would witlistand a good fight, and 
a to a certain degree lit to renew action with vessels similar in 
6 to our present armoured vessels, yet to possess greater com- 
parative invulnerability, or, in plain terms, to possess greatar 
adaptation for defence, and faciUty for remedying damt^es, than 
any -we now possessed. A ship of this description demanded 
merely such protection up to her deepest line of flotation, or ordi- 
nary rolling angles, as would shield her machinery effectually, 
and, under ordinary action, be free from liability to sink within 
a rational period demanded to repair defects or efficiently close 
any specific perforations. With a hull so prepared, aiid decks 
rendered bomb-proof as regards oblique or glancing shot, the 
fighting batteries for guns and their crews would become but a 
■econdiu7 oomsideration, aa most seamen ^^ bin« aaciausl^ tsaor 
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Bidered the qnestion would probably prefer ligbtee bulwotka 
through which shot and shall could pass freely, than be subject 
to the frightful effect of being boxed up and mutilated by ths 
very aplintera of the plates provided for their protection. 

" The admiral advocated building the ship herself of sucb 
strength by the very process of construction, by planing in 
framework, in a peculiar manner, such a proportion of iron that 
iron plating ahouM be needless, and that it would be possible to 
sheathe and copper as of olil, and to repair damages during- 
action with the same facihty as our forefathers did. In fact, ha 
proposed to make his frame so far ahot-proof that it would not 
only bear comparison with the heaviest iron-clad, but would 
come out of action always in a condition to renew it, instead of 
running home to her parenta here to wipe off her tears resulting 
from lameness. He then passed to the explanation of the mode 
by which he proposed to attain his object, and to compare the 
build of the present "Warrior class and her weight of iron. " 
ribs are 3 feet asunder, and the thickness to carry the plates is 
hut Jths. She is filled in with teak, which does not however 
enter into her strength. Each cubic yard, as before stated, 
weighs 3,123 lb. Assume 8 inches to be the diameter of tba 
shot or shell to be used, the author gave 7 inches space betweea 
the ribs, which are to be 18 inches wide and 2 inches in thiok-f 
ness, cold short or case hardened on the exterior surfaces. Hia 
proposition was, to fill in with a peculiar substance, termed at, 
present 'zopissa hoard,' possessing the sanio specific gravity a» 
teak — viz., 48 — but of fourfold resistance, incombustible, pro^ 
tecting iron, resisting water, and, iinally, an absolute non-con> 
duotor of galvanic electricity. INow, as the specific gravity In 
the same as oak and teak, teak might be assumed for the pra< 
sent as the filling and backing. Therefore, taking into considera^ 
tion the necessity for protecting the iron from externa! influenca| 
he would first bring on 3 inches of this prepared paper (if wood 
be preferred after due experiment, or the zopiasa board, to 6uper- 
eede it), and over it 4 inohea of teak. Within, he would bri:^ 
on 2 thicknesses of 3-ineb paper board to resist splinters if shot) 
penetrated. Then followed a tabular comparison between the 
construction recommended by the author and that of the Warrior^ 
and a detailed discuBBioa. ^ &» -^iio^mAi^k i^b>^ >:£ ^A^at 0701) 
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B two Teasels. The zopissa paper board wbs stated to be the 
hrention, or rather diacoTcry, of Colonel Seerelracy, formerly on 
s staff of the Austrian army. It was not a supporter of com- 
Ifltion ; it was capabla of being used in maaa without waste, — 
ideed simili^ to a fusible metal. It was free from any particle 
f moiatiire ; and whereas any ordinal^ paper would coirode iron. 
I the contrary, adhered to and forraetl over it a covering 
iiperviouB to water. If our iron-plated ships had this aub- 
"mce interposed between tbe plates and ribs, and naed as filling, 
e Tossel would be safe, even if her armour-plating fell away. 
n absolute non-coTidnctor of lieat, cold, or electricity, and 
B time was, perhaps, not far distant when its use in covering 
blecs, steam tubes, funnels, Sio., would become very generaL 
I * Sir Edward Belcher concluded with the following remarks : 
1 bad intended, as I Srst stated, to have simply placed before 
e institution the quan invnlnerable and unainlcabFe shell of my 
rette, for I would leave the protection of the men to those who 
B about such matters. But I wished to add one more 
Jfort to bring all the guns to perform their duty, It is ii 
kterial to me if you give each gun its turret — on the deck, n 

"a revolving — or bring round your connecting bulwarks for 
lem, but I think my hearers will not fail to iinderstand that 
e BO transposed Mr. ficed's rectangular bojc into a lozenge, 
t I lose no strength in whatever direction I may be assailed. 
P«m able to show five guns ahead, astem, or abeam, by the 
Tghteat possible deviation from the cotuae. That subject ia 
D much importance for a short observation. As to offence 
a vessel ahead or astern, she is adapted to go over or tinder 
(dversary, and presents a sensible tool for an intelligent work- 
man ; such a tool precisely as we use in the cutting of 
remove my length of keel, and thus facilitate turning, on the 
principle of the famed 'raugian' (Bermudian), which has only 
half her deck length on her keel, and th« rake of stem and steru- 
post at opposite angles, I propose to facilitate turning. These 
are secondary matters not involved in ray programme. I may 
observe that the use of paper-board would deaden ooneusaion 
considerably. I now turn to my unsinkabUity. It will be seen 
that I have added a vertical barrier to support my coal resist- 
ing hacking the new co7i-tniction. That a \ffq %w,i^ y^ 
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of my vessel, merely the segment of id degrees of her ronnd- 
ing, demands protection. That the coal-hunkera repreaenting 
coal at 72 pounds tha cubic foot cannot come into the catft- 
gory of bilging a compartinent, to admit salt water at 64*4 the 
cubic foot. That the bunkers are ao arranged as to keep the 
coal pressed home to the sides and conduct the water to tho 
bilge. That the vertical supports resting on the floor-ends 
sustain the vessel completely if' she grounds ; and, finally, if she 
gronnda and makes a hole, these spaces under the engine-room, 
fore and aft, capable of being made ai^tight, will, by the com 
sense operation of condensing air, drive out any water that may 
enter, as I shall have occasion to illustrate hy experiment on 
reading my other paper. I have already proved, as proposed by, 
me in 1836 in Bermuda, and illustrated lately before a chairmaa 
of the London Docks, that the aif in. the lungs of a man 
raise a model Ufl for a vessel, representing about 500 pounds, in 
about 20 minutes. TJiat depends simply on the modus operandi f' 
and I behove that with a certain amount of scientifio disposition 
in the internal fittings of our ships, moat of the bugbears of 
sinking could be easily overcome." 

lOi. Oii Turret Skips. — From an article under this title in 
the "Engineer," Sept. 22, 1865, we take the following: — "Ona 
great objection to the central battery system lies in the difficulty 
met with in training and working heavy guns. This difficulty 
Captain Coles overcomes very fairly hy the aid of the turntable. 
It is possibly not too mnch to say that no other scheme answers 
the intended purpose better. The defect of the tairet system, 
on the other hand, hes in the difficulty of manceuvring, mount- 
ing, and putting in motion an immensely heavy armour-plated 
structure, carried so high as almost to constitute that worst of 
all cargoes, a moveable deck load. It is not necessary that we, 
should enter upon the consideration of any other of the multi- 
farious problems connected with the subject of the companitivB 
merits of the rival systems. It is probable that were the quea- 
tion of working heavy guns once set at rest by the use of & 
simple mechanism, nearly, if not quite, unexceptional in its mode 
of action, the battery system would have greatly the advantage 
of the turret. Good results might, we think, be obtained by 
tMdopting a £xed cyliBdncei oi cin«1 ^^tit^ unuiui-ijkted, andi 
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"answering in moat respects to the Eeed battery, witliin which 
one or two exoeaaively heavy guns shoald be worked on an inde- 
pendent revolving turntable. The turret shoald, of course, be 
provided with two, or possibly three port-holes on each side ; and 
by sjinple meehaniam the gun would be trained to fire from any 
one of those as might be found espediont ; the others, of course, 
being closed for the time by heavy port shutters of armour plate. 
It is unnecessary to go into detwls here. Engineers will per- 
ceive that the working of these shutters, even if made of 8 in. 
iron, would entail no insuperable difflcultiea. In point of fact, 
means might be adopted for excluding shot, which, acting the 
part of a shutter, would yet be totally distinct from any achemo 
yet employed to the same end to which the name could be ap- 
plied with strict propriety. The range of aim would not be 
limited, as the gun could be trained so aa to fire right and left 
tbrough each port-hole at angles, which would include a field 
far more extensive than that available with any broadside port 
,iow ic use. The advantage poaaeased by such a system over 
that of the ordinary turret would lie in the fact that the great 
mass of the turret being a fixture it could be bailt in with, and 
indeed form part of, the ahip ; while the rotating table aiil its 
mechanism would be comparatively light and easily worked, and 
would receive the most absolute protection which armour-plating 
can bestow. The advantage over the central battery would prin- 

' cipally reside in the facility for working heavy guns, and of 
obtaining a very wide range of fire without moving the ship. 
The circular form of battery, too, is exceedingly strong, and 
something might be gained, doubtless, in the saving of weight 
consequent upon its ase aa compared with the square 'box' 
with armoured balk-heads athwart-shipa. Whatever may be said 
upon the subject, it ia beyond question that a better and more 
permanent job may be made of a fixed than of a moveable turret, 
and as the great olDJect subserved after all by the power of rota- 
tion ia the working of the gun within the turret, it is worth con- 
sidering whether equally good results may not be obtained by 
<snsing the guna to revolve without their armour. The main 
argument, indeed, urged in favour of imparting rotation to the 
turret, is based altogether on an assumed difficulty in providing 
ilo^jteis tor pori« not occupied by gana. &a to tibia ijoiat «a 
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are disposed to thick that a better expedient a 
than one entailing the necessity of putting sixty o 
of iron, &c., in motion every time a gun requires to be t 
thiough a few inches." 




DIVISION TENTH. 

TBtBGEAPHIO CABLBS. 

105. The Atlantic Cable. — The great, and, we loayl 
unfurtunate feature of the year in thia department of practict 
ongiueering, vas the faUiire of the attempt to lay the Atlanti 
cable. This failure has brought out, as may be easily conceive! 
it was likely to bring out, a large amount of criticism and i 
mark, characterised by remarkable diveraity of opinion. To gii 
all the papers which have appeared on the subject, or indeed bi 
a brief abstract of them, would take up a very large portion 
our present volume; we are compelled, therefore, in view of tl 
large amount of material at command, to take but here and then 
such a portion of it as will convey a fair notion aa to what ha 
been said pro and oou. Tlie "Engineer" hiia an article i 
date August 18, 1865, ftora which we take the following; — 

"The news which has at last come in from the Atlantic ie, m 
the whole, better than that which the public generally a 
pated. The expedition returns, it is true, after having faOed t 
carry out the undertaking fur which it was designed, but hopQ 
of future success ore strengthened rather than diminiaha 
by the nature of the obstacles which have been encountered 
The cable has not been Inst altogether, and there i 
hope that it may ultimately be recovered. The difficulties whio| 
have proved so fatal to the present attempt, may, on anotbc! 
occasion, be overcome or avoided, and are not fatal to the j 
ciple of ocean telegraphy. The accident*, indeed, which ara sft 
to have caused the loss of insulation — which three -separate tini 
rendered it necessary to pick up the cable — are not only exw 
(iouai in their nature, but aie &) extraordinary, and unlikelyl 
iiave occurred, that it is oriVj a. ftaoTi^ Ni^x^l \i " " 
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B Conatruetion Company'a engineers which renders it possible 

accept their esplanation of 'what haa taken place. According 

the telegram reoeiyed from CrookLaven, the original cause of 

the de&at which the Great Eastern has sustained was a small 

bagmeiit of wire, nipped from the end of one of the outer strands 

of the cable during the formation of a splice. , 

Meanwhile, several tbiugs have been ascertained — several 
tsaie have been accomplished — which promise well for the next 
attempt. Some of the facts reported are unfavourable, it is true, 
'but the whole story, as given in the Company's telegram, is en- 
Bonra^ng. Three times did the Great Eastern grapple success- 
folly for the lost end, though the water was 2,000 fathoms in 
depth. The end was not on any one of these occasions brought 
to the Burfikce^ but it was found and laid hold ol When we 
aonsider the depth at which this was done, the friction of the 
((rapphng-rope in the water, which added to the difficulty of de- 
tecting the strain when the hook touched the cable, and the pro- 
bability of passing over the object sought without obtaining it^ 
must grant that the partial success of the efforts wliich were 
tuade is sufficiently surprising. Considering that these attempts 
irere BUccessful in what seemed the most diiEcuH part of the 
irk, it is, indeed, also surprising in a different way, that each 
ne they ultimately failed by the breaking of the grappling 
je. It is probable that the iron wire buoy rope, which waa 
tde in contemplation of different accidents from those which ac- 
tually took place, was used with the grapnel ; and this was made, 
if we remember rightly, of nine wires — three strands of threo 
Hires each — similar to those used for the outer covering of the 
tel^raph cable. Its breaking strain was probably not less than 
Bn tons, and it ought, one would have thought, to have raised 
he cable to the surface after the grapnel had once caught Yet 
n the four attempts made it parted three times, and only came 
Ip safe on the otber occasion because it had not fastened on the 
iable. It is tolerably clear that the slack of the cable came up 
■fely, but that the bight was not larjje enough to reach the ship, 
\a soon as the cable tautened the strain became too much for the 
;rapnel rope. Now it is very easy to make a rope to hear this 
" 1, but an alarming thought suggests itself — Will '^" "'' 
" ' What has been done shows the.! a to^a f 
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cause it ia allowed to fall to the bottom of the Atlantic Ocean. 
That ia a groat discovery, and doea much credit to the engineei^ 
who had no experience to guide them in making it j for wa be- 
lieve that the greateat depth at which grappling had been at- 
tempted successfully before the present expedition sailed, was 
600 fathoms. Of what use is it, however, if the tension on a 
cable in raising it through 2,000 fathoms should prove too much 
for it to bear ) A steel wire grapnel iwpe could easily he made, 
which would staud a much greater ftrain than would be put 
upon it by the weight of the cable ; but it is not by any means 
certain that it would bring up the electric cable, with a breaking 
strain very little greater than that of the rope which has been 
used unsuccessfully. Of course there was a greater strain on 
thb rope during the grappling operations than on the cable itself; 
but, on the other hand, the strain would increase very greatly aa 
the cable ncared the snrKtce, and the length raised irom the 
bottom extended. This consideration may naturally give rise 
to some anxiety with . reference to the success of the next 
attempt. 

"Another source of apprehension may be drawn fern the acci- 
dent which first led to the necessity of grappling — the fracture 
of the cable at the bows of the ship. The hauliug-in apparatus 
has done its work satisfactorily oa two occasions, and the acci- 
dent on the third is not conclusive gainst it ; but for the cable 
to break on board after it had been fairly recovered from the 
water is discouraging 

" There is another point in the management to which the 
events described direct notice. When the loss of insulation was 
discovered, electrical testa put the fault six miles from the ship. 
Surely it is strange that six miles were payed out without a test 
for insulation having been apphed during the whole time. The 
public was given to understand that currents were flowing through 
the cable constantly, and that its condition was incessantly 
watched by the electricians, How it is revealed that the whole 
staff were in ignorance of the state of the cable during the best 
part of an hour, for the Great Eastern must have taken nearly 
that time in paying out six miles. Considering that Mr. De 
Sauty refused to allow any verbal message to pass through tho 
cable daring the voyage, oa t'^a psraiA ftiax. s>3^ laaffia^jifc 
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would interfere tntb the constant vigilance necesAarj to ensure a 
good result, the inference that we are bound to drovr &oin the 
facta "before na is not a little astonishing," 

In an article in the " Mechanics' Magazine," August 25, 1865, 
the "past" and the "future" are treated of; we take from thia 
the section on the future. 

" To pass at one hound from a retrospective to a prospective 
view of matters is in this instance admissible, inasmuch as 
past amd future of the Atlflntie telegraph cable ace connected hy 
a present which consists now of only a single liak ; that hnk 
being the iact that 1,200 miles of cable Ue stretched across the 
bed of the Atlantic. But its future coiumencea now, nay, it 
commenced as soon as the ' Great Eastern ' had recounted her 
history; eo to that future let us turn. Aa a atarting point, ' 
will take tlie conclusions which may be legitimately drawn from 
the foregoing narrative. The perfect adaptability of the ' Great 
Eastern' for the wort of laying down the cable ia evidenced by 
the fact, that in a stiff breeze, when the sea was washing over 
the 'Terrible,' scarcely any motion was perceptible in the 'Great ' 
Eastern,' fcer greatest roll being 7J dega., and her greatest pitch- 
ing 1 to li deg. The big ship, therefore, by her wonderful 
steadiness at sea, and from the facilities for steering which her 
screw and paddle engines afford, is proved to be eminently 
adapted for cable-laying. But to render hec fit for future service 
she unquestionably requires careful overhauling and repair. Im- 
,provements will have to be mode in the arrangement of her tanks 

' ooil^ whereby she may cany her full complement of boilers, 
it can be imagined she must labour under a disadvantage 
Then working minus two boilera. Amongst other things requir- 
ii^ attention to the end that she may be made truly serviceable, 
are certain points of construction which at the present time appear 
rather weak. The strengthening is proposed by Mr. Fairbaim 
to be effected by placing additional stringer plates on the upper 
deck, and probably a short way down the sides, so as to increase 
the ships powers of resistance to strain with a heavy cargo on 
board, such aa she had from the Nore to Valentia. Thia being 
ine, the ' Great Ea.?tern ' may with safety be trusted on any sea 

■^ ■■" any weather. It may be that the future of this vessel 
BDtoe^ Mentified with the pursuits to which shf 
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has been so ftppropriately appointed, and tor which, she ie so 
(uimiriibly fitted. 

" With regard to the machinery for laying the cable, nothing 
that can be aaid in its favour appeata too strong praise ; whilit 
the reverse of thia holds with respect to the hauiing-in apparalm 
and tackle. But it must in faimesa be said that such a ooa- 
tingoncy as having to pick np the lost cable from a depth of two 
miles and a half was never anticipated ; heace the failure — the 
grappling gear was inefBcient The remedy will be to have an 
engine fitted to the payiag-out apparatus, so that iii ease of need 
it* action can he reversed and the machine used tor haoliag in. 
This would enable a fault — if such occurred — to be recovered 
very soon after it had leit the ship, immense time also being 
saved by avoiding the operation of shifting the cable from stera 
to head. Machinery will also be fitted in the bows of the vessel 
for the purpose of fishing up the present cable. All these of 
course are simple matters of detail, the hest methods of arrang- 
ing which will be determined by the esperiences recently gained. 
The picking-up appiiratus, too, will of course be constructed con- 
sistently with the duty it has to perform in recoveriag the cable, 
which duty has been well ascertained, so that no excuse is left 
for mechanical failure in this respect. The question had not 
been practically dealt with before, and so was unprovided for, ot 
we should probably now be recording congratulatory message* 
curried by the subtle fluid from President Johnson to Queen 
Victoria. 

" The cable itseK has all the reqniaites of strength and the 
right specific gravity; it never went over the stern at a greater 
angle titan 7 d^., and never showed a greater strain than 14 
cwt. upon the dynamometer. Its insulation improved daily U 
the cable became influenced by the lower temperature of the 
deep ocean. Its present failure is due principally to one of it) 
tiwa wires having penetrated the gutta-percha core, and thia 
cause has been so fur lata! only because it was not anticipated. 
Every kind of esperinient had been previously resorted to, bat 
the wire never before penetrated the core. This, taken in con- 
jiBction with other circumstances, appears to have directed soon 
" tJie leading niinda lo t\\B wTOcVisnaa. \,\is& yaa -Cmlta were &» 
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f opinion, believing tJiem to bo the result of accident. 
Rrhichever way the trntb may lie, it certainly foUowa tbat such 
>pU3nces only should be uaoil aa would prevent the wcurrence 
F sncb fatal Tesults. In order to afford additional security, 
C^)tain AndetaoD sngg^ta that the outer protecting wired should 
e formed of a number of Bmallur ones, bo that no single wire 
Ironld be eufficieittly strong to penetrate the core; ur if neoeasary, 
B might be covered with canvas or wire gauze to make it 
jmil more secure. The cable is perfect in its insulation ; it poa- 
a the right specific gravity, the right strength, and fails only 
ti one respeiit — that of being capable of wounding itselt But 
a is enough of experiencB now to check its suicidal tendencies, 
r if not to prevent, at any rate to remedy, at once any wound 
'lat may be inflicted, whether by itae!^ or by Mr. Kussell's 

" In the ordinary course of things, and hail there been no let 

or hindrance oa the part of the vessel herseH the ' Great Eastern ' 

■would probably be dispatched on the voyage of recovery a few 

weeks hence, armed with efficient picking-up tackl& But as the 

necessary ropaire will occupy sotne two months, the expedition 

conld not leave early enough for useful effect. "Winter gales 

mid probably drive the ship from her work, and without the 

1 the locality of the cable could not be discovered. It has 

Bterefore been conenrrently determined by all interested in the 

[ueation, that the better plan will be to delay the voyage until 

[ay next year. In the mpantime a new cable will be manu- 

tetnted, which will be sent out in the ' Great Eastern ' when she 

s to PBCOver the other one. This cable will be of the same 

(baracter as the lost, with the exception periiaps of a slight addi- 

Son to its outer covering, but which will in no way interfere 

irith its specific gravity, or any other condition already proved to 

e satisfactory. The process of picking up the cable will, doubt- 

, be on this wise: — The ' Great Eiistem' will proceed to 

Irithin ten miles of the extremity of the cable, so as to keep clear 

if the grapnels and tackle now resting on it. She will then 

J until the grapnel bites, when she will commanee hauling ia 

mother vessel — say the ' Terrible ' — will be going thmiigli the 

lumo operation a mile to the east of the ' Great Eoatera' The 

tor vessel having obtained a hold will probably break the cable 
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in tha lift, and will then proceed eastward on the conrse of the 
cable about half a mile aatern of the ' Terrible,' where she will 
again grapple for, and no doubt lay bold of, the cable, 'which, 
with the bight thus formed, will be comparatively easy of re- 
cover;. Tbe recent deliberations of the boards of the Beveral 
companies intereated in the Atlantic telegraph cable have beea 
distinguished by a spirit of the utmost oonfidence ia the realisa- 
tion of a great success next year. Sot tbe slightest doubt is 
entertained as to finding, with the greatest precision, the position 
of the bMken end by solar observation, and of eventually raising 
and repairing the cable. The animating principle is a determine-, 
tion to perfect the telegraphic communication between England 
and America, which object we doubt not will ultimately ba-, 



The following ia from an article, Sept. lat, 1865, in the "Civit 
Engineer aud Architect's Journal;" — The second attempt tO' 
mtie telegraphic conmiunication between England and America. 
has failed more completely than the first : for that cable, with a " 
its faults, was stretched &om shore to shore, and for two day* 
messages were transmitted, though at a slow rate. The experi- 
ence then gained, the increased knowledge respecting the con* 
ducting power of pure copper, the improved mode of insulation, 
the precautions taken in nmking the cable, and the greatly snperiw 
appliances to prevent accident in laying it, have proved of nn' 
avail ; and it now Ues broken and useless, two miles under water, 
in the midst of the Atlantic. 

" The misfortune is said to have arisen from circumstances thai 
night be guarded against on another trial, and sanguine hopes! 
are entertained that the broken end may be raised and sphced ia\ 
the reiniining portion still on board the Great Eastern, and tbo^ 
after all, the great object may be accomplished by the meai 
already at command. We hope it may bo so, but we do not si 
much ground whereon to rest confident expectation. Great carft 
was taken by the conductors of the undertaking to prevent any 
reporters for the press from being on hoard to give an independent 
account of their proceediugs ; and the diary that has been pub- 
lished, written by Sir. Russell, former special correspondent rtt 
the Times, is admitted to be the account of a gentleman who iq 
i with the imdertokmg. .... 'Git ^Ha^^rc 
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being compreBsible, it is natural to infer tkat at the bottom of 
the Atlantic it would be compressed into a Graaller compass round 
the condacting core of copper wire, and that it would conse- 
quently be separated tiwiu tlie external wire rope. If tbat were 
60 — and we are led to suppose it must have been, by the reported 
improvement in the insulation as the pressure incretised — the 
strength of the cable would be greatly diminished b; its separa- 
tion into parts, and the stretching power of the esternal wim 
covering would he increased as compared with that of the cure. 
It is important, therefore, to know what actually was flie condi- 
tion of that portion of the cable on which its strength mainly 
depended, and of that Mr. Russell says nothing. It is no less 
important to be made acquainted with the success of the attempt 
to increase the rapidity of the signals by adopting a plan that 
appears the reverse of that which a knowledge of the ordinary 
conditions of the conduction of electricity would seem to dictate. 
It is a well-established fact that the thicker the conducting wire 
the less resistance is offered to the transmission of electricity, 
and it seems moat extraordinary, on looking at a section of the 
Atlantic cable, that the inner core intended to conduct the elec- 
tricity should be so smalL The reason fur adopting so diminu- 
tive a conducting wire was this r when a wire covered with gutta- 
percha is immersed in water, and a current of electricity is 
transmitted, it becomes charged like a Leyden jar. The conduct- 
ing wire serves as the inner coating of the jar, the gutta-percha 
acts the same part as the glass, and the water is the outer con- 
ducting coat. Such a wire, when of great length, if chained 
*ith electricity retains the charge for some time ; in the same 
manner as a Leyden jar retains some portion of electricity after 
connection has bean made between the inner and outer coating. 
Thus, when an electric signal is sent through a anbraarine wire 
part of the electricity is retained by the gutta-percha, and ob- 
etructs the transmission of the succeeding signals, and some time 
is required before the wire ia sufficiently free from electricity 
to enable it to do so. That was the cause of the slowness with 
whicli the messages were transmitted through the first Atlantic 
Oftble — the rate of transmission being about two woids per 
_,- »-. To increase the rapidity of transmission, it was proposed 
• "■" tiiickncsa of the gutta-percha covering, for as a 
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thick glasa jar wnmot be readily chaiged with electricity, it waa 
suppoaed that the thicker the gutta-percha compared with ti» 
size of the conducting core the leaa would be the degree of »■ 
tentioQ. That was found to be the cose on making experimenta 
witL gutta-percha of various thicknesaes ; hence it wbb concluded, 
that by greatly increasing the thickness of the insulator, meaaagea 
might be transmitted through Bubmarine wires with little obstrue- 
tion. The name ' induction ' was given to the retentive power 
of the gutta-percha, and by giving it that name great advaucs 
waa suppoaed to be made in the knowledge of the subject. Thi 
question was unfortunately taken up by mathematicians, who dis- 
covered or invented formulas for determining the proportionata 
thickneaaea of the gutta-percha and the conducting wire best 
adapted to prevent ' induction.' The view of the subject of sub- 
marine telegraphy waa thna completely changed. It become ■ 
question of charge and discharge instead of conduction, and it 
waa considered that the best means of establishing rapid tele- 
graphic communication was to diminish the conducting wire to' 
the smallest size, and to increase the insulating coating. On that 
principle the two Atlantic cables were constructed. The strands 
of conducting copper wires were little thicker than common bell 
wire, their insulation was carefully provided for, and they ware 
protected from injury by an external covering of wire rope, rf 
which the insulator formed the core. The consideration of the 
conducting power and strength of the copper wire waa entirely 
aacriiiced to that of diminishing induction and increasing the 
rapidity of transmission ; and it is most essential the public should 
be informed whether that object waa attained, for as yet ^ 
in ignorance of the rate of transmission so fat as communication 
was maintained. 

" If the stretching power of the conducting strand of wires 
were not equal to that of the outer wire rope, it would ha 
bear a strain enough to break it at any moment, and we should 
like to be correctly informed whether the occasional interruptions 
to the communication, attributed to 'defective insulation,' were 
not, in point of f^t, due to the rupture of some of the strandB 
* the conducting wire. The necessity for perfect insulation is 
™^ the bugbears of marine telegraphy. We have seen very 
transmitted througli entirely unprotected thin wiw 
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^Btreiched through 100 yanla of water. The thicker the wire the 

less would have beeE the quantity of electricity JtFerted from its 

_ course ; and it is a problem, we would submit to the inathemati- 

Ltis to solve ; if any uainBnlated copper wire one-sixteenth of 

I inch in diameter transuiita electricity across 100 yards of 

|al«r, what tliickness should such a wire be to transmit eignals 

1 Ireland to America 1 At all events, it would bv as protit- 

^ble a epeculation as the consideration of the nuniinuiu siae of 

wire for such a purpose, 

" Ordinary knowledge of the property of conduction dictates 
^l^at the principle on which an electric telegraph to America 
^BbouLd bo constructed, is that of making tlie conducting wire of 
^^■u greatest thickness compatible with the flexibility required 
^^R laying it dawn. It was suggested by Mr. Bakewell, in a pa- 
^^er read at the meeting of the British Association, ten years ago, 
that the conducting wii* of an Atlantic telegraph should be ossen- 
tiaily salf-protective. The only ejcternal protection it requires is 
near the shore, but at great depth in the ocean no external cover- 
ing is necessary. A tel^raph of that kind might be established 
at comparatively small expense, and it might be stretebed across 
the Atlantic with much less dii&calty than an elaborately fabri- 
" "b. It might be covered with a sufficient thickness of 
fatta-perc))a to diminish the speciilc gravity to little more than 
a-water, for it is not necessaiy the wire should rest on the bed 
an. A wire rope made of the purest copper, one- 
ter of an inch in diameter, weU coated with gutta-percha, 
Kght, there can be no doubt, be extended to America without 
"[ difficulty, and if such a means of commimication were 
brined, the electrical difficulty of transmitting signals through 
it — if any such difficulty were found to exist — would be soon 
overcome. At all events, such a plan is more feasible, more in 
accordance with the known iacts of the conduction of electricity, 
l^4Dd would be very nmch loss expensive, than the construction of 
B complicated heavy cable, that can only be laid down in the 
SktLmtic under specially favourable circumstances, and which de- 
Hida for its action on the principle of charge and discharge, 
uatead of on the conduction of electricity." 
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DIVISION ELEVENTH. 

BUILDINQ MATERIALS. 

106. PreaenatioH of Stone. — On this important subject, to 
wliich of late great promiiiBnoe boa been given, the " Building 
News"- baa the foUuwing: — "Public attention will booh ba 
called to the relative auooeaa of the oompetitora foi' the preaerva- 
lion of the stone of our now palace at Weatminster. It ia to be 
regretted that the season of testing should have been allowed ia 
psfis without ascertaining the positive merits of a promising pro- 
ceaa patented by M. Be Wyldu, who introduced silicate of pot- 
ash into tliis country, and who, under the patronage of His l^a 
Eoyal Highness Prince Albert, applied the ailicate to many ini> 
portant uses. The inventor applied for leave to enter the list of 
competitors on the Houses of ParUament, which was denied him, 
the reason alleged being that hia process was one of a olasa re^ 
presented by otber competitors. This, however, ia not the case, 
as the following facts will show. No application of the silicates 
has yet been made without the menstrum in which the ailica is 
dissolved proving hurtful to the atone to which it ia apphed ; or 
if, by the uae of two agents — or an agent and reagent — the men- 
strum ia changed into a salt, that ia equally hurtful, being set 
free to crystaliiae in the stone, and thus break up its testure. "We 
can thus far see the importance of every application being free 
from any deteriorating constituent itself or in any way eliminat- 
ing such conatituent during or subsequent to its application. A 
now old and exploded theory of preserving atone by silicate of 
lime was in practice as follows: — Silicate of soda and chloride of 
calcium (lime) were applied in succeaaive coatings. Suppose that 
a siUcate of lime was formed in the stone, there was the soda 
that the silicate of lime did not want, aud the chlorine that it 
also could not in ita new condition find uae for, and thus waa a 
chloride of sodium formed, which unquestionably did more harm 
to the stone than the silicate of lime did good. M. do Wylde 
obtains hia deposit of silicate of alumina free from an excess of 
alkali, or from any salt hy elimination. Silicate of alumina, say 
of the class of which feldapw ia cooaVitMluai, iwiuA \\ax6, in. order 
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p its being a silicate, and possesiimg the qualities of the above- 
Mined mineral, a certain proportion of potash ; and the import- 
e of this constituent is nowhere more proved than in the fact 
■ granitic rock breaking up after the resistance of the action, of 
e for centuries, by the abstraction of the p>otash from the feld- 
This alkali gone, the feldspar breaks up, and the whole 
IS of that hard &nd durable rock falls to decay. Silicate of • 
nina, therefore, owes not only its name, hut ita durability, to 
Idue proportion of potash. This alkali, however, must not bo 
B eicess, or damage to the stone, and the deterioration of the 
'epoaited substance must evidently be the result. The avoid- 
ance of this ever-present stumbling-block has been secured by 
tke use of a very beautiful preparation called allotropic alumina. 
In its nianufacturo, a solution of acetate of alumina is exposed 
to long and gentle heat, by which the acetic acid is gently re- 
moved by vaporisation, the water always being kept at the same 
leveL Tlius ia the alumina left in solution in the water without 
jMiid or alkali, a fact the wonderful character and importance of 

ich can only be appreciated by the chemical world. 
' " Here, however, is the solution of the problem : silicate of 
isb, soluble, has — we will say — 2 parts of potash to 1 of si- 
a ; the insoluble modification has, aay 1 part potash and 1 part 
Bearing this in mind, we shall see that if we admit the 
L to appropriate a share of the alkali wo take from the 
oluble silicate the one part of potash necessary to its soluble 
Condition, and bring it at once to the insoluble modification, the 
farhole forming a true eilicate of alumina insoluble and devoid of 
B fee salt of any kind. The case may he more plainly seen by 
" contrast with another existbg process ; indeed, one of those at 
present under probation at the Houses of Parliament. In the 
latter process the one part of alumina is dissolved in two parts of 
potash, and the one part of silica in two ports of potash. The 
idmixture of these certainly results in a solidification of the min- 
ral constituents by the afiinity of the silica for the alumina j but 
g that to form these two bases into an insoluble silicate only 
parts of potash are required, we would ask red tapeism how 
it has provided for the exit of the remaining two parts of iiee 
li from the stone. 
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"The following i» a table, illustrating tlie 
tenia of applying silicate of alumina : — 



Silica 


New Syslem. 

■=l\ 


Water 

AIloUopIc Alumina. 


SUioateof Aliimin 


Water 

HItortBDrPplMll. 


J 

OUlBydem. 

1 






WaWr 
AlamlnwoofPotiuIi. 


Silicate of alumina 
' excess of potash 


Potash 

Water 


::::::.,. 2 





107, Limes, CevienU, Mortars, and Concrelee." By Cbaa. 
H. HaswelL — "The caloination of marble or any pure limeatonfl 
produces lime (quicklime). Lime, from its great affiuity for muis- 
turo and carbonic acid, requires to be preserved fiaiii theee dw" 
teriorating agente by being packed in close vessels. 

*■ Limestones. — The pure limestones biirn to a white lime, 
give the richest limes. 

" The finest calcareous minerals are the rhombohedral priams 
of cakai'eous spar, the transparent double-refiectiug Iceland spaiv 
and white or statuary marbla 

" In order that lime when brought to the ooaditioD of a pastA 
for use as a binding medium shall afterwards harden to solidity, 
it is necessary that other substances e^ist in a state of intei^ 
mixture with it; and these subatanoea ai-e fuund to be silicai 
alumina, magnesia iron, manganese, &c. 

" The striking and characteristic property of hardening undej 
water, or when excluded from the air, conferred upon a paste of 
lime by these foreign subetances, when their t^grcgate amoant 

• CoUocted from the observations and QSpflrimenta of QanprBlsGilmoreajiit 

iToH^n, U.8.A., and MM. Vicat, Ckatonay, Hivot, and Dupont. (ProB 

"10 Jiniiml vt the Fratikltn TtiBatnte.^ ~ 
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exceeds one-tenth of the whole, furnishes the basU for a general 
arrangement of all natural or artificial produots suitable for 
mfirtars, into five distinct clasaea, aa follows ; — 
" 1. The oommon or fat hnjea. 
'■ 2. The poor or meagre limes, 
" 3. The hydraulic Umea, 
" 4. The hydraulio cements. 

" S. The natural puzzuolanaa, including puzzuolana properly so 
called, trosa or terras, the argues, ochreous eortha, echist^, grau- 
woek , and basaltic eanUs, and a variety of eimilar substances. 

" Eich limes are dissolved fully in water frequently renewed, 
and they remain a long time without hardening ; they also 
increase greatly in volume, froni 2 to 3 '5 times their original 
bulks, and will not harden without the action of the air. They 
are rendered hydraulic by the admixture of puzzuolaaa or traaa 

" Eich, fat, or common limea usually contain less than 1 per 
cent, of impurities. 

" Hydraulio limestones are those which contain iron and clay, 
80 as to enable them to produou cements which become solid 
when under water. 

" The pastes of f^t limes shrink, in liardening, to such a degree 
that they cannot be naed as mortar without a large dose of sand. 
" Poor limes have all the defects of rich limes, and increase 
but slightly in bulk. 

" Tlie poorer limes are invariably the basis of the most rapidly 
setting and most durable cements and mortars, and they are also 
the only limes whicli have the property, when in corabinatioa 
with silica, &o,, of indurating under water, and are, therefore, 
B'l^lioahle for the admuctare of hydraulic cements or mortars. 
UBiey generally contain silica (in the shape of sands), alumina, 
Btfiagnesia, oxide of iron, oxide of manganese, and in most cases 
Ktaces of the akalies in relative proportions, which vary very 
BjMMiBideTably in difTerent localities. Their aggregate amount is 
Keldom less than "10 or greater than '23, though in some varieties 
■it reaches as high as '35, and even, though rarely, '39 of the 
' vliole. In slaking, they proceed sluggishly as compared with 
the rich limes, and seldom produce a homogeneous and impal- 
pable powder. They exhibit a more moderate elevation of 
peeatare ia slaking, and are accompanied ^j^ * ia"a^ vm^sa. 
■_ 2b 
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^V increase of volume than rich limea. Like the latter, they d 
^r solve ID watet frequently renewed, though more j!pariiigly, owin 
H^ to tlie presence of a lat^r amount of impurittefi, and like then 
^b they will not harden if placed in a state of paste under water o 
^H in wet soil, or if excluded from contact with the atmosphere, o 
^H carbonic acid gas. They ehuuld be employed for mortar onl 
^V when it is impossible to procure common or hydraulic lime, c 
^* cement, in which case it is recommended, if practicable, t 
reduce them to powder by grinding. 

" Lime absorbs in slaking a mean of 25 times its volume aii 
2'25 times its weight of water. 

" Hydraulic limes are those which readily harden under watM, 
The roost valuable, or ' eminently hydraulic,' set from the second 
to the fourth day after immersion ; at the end of a month they 
became hard and insoluble, and at the end of six mouths tbej 
are capable of being worked like the hard natural limeebmeai 
They absorb less water than the pure limes, and only increase ii 
bulk from 175 to 25 times their original volume. 

"The inferior grades, or 'moderately hydraulic,' require i 
longer period, say from fifteen to twenty days' irajuoraion, am 
continue to harden for a period of six months. 

" The property of hardening under water, or when excluded 

from air, conferred upon a paste of lime, is effected by the pre- 
sence of foreign subatances, aa ailicum, alumina, ii 
their aggregate presence amounts to ODc-tenth of the whole. 

"The resistance of hydraulic lime increases if the eand i 
mixed in the proportion of 60 to 180 per centum of the part u 
volume; from thence it decreases. 

" As a general rule these limes undergo, in slaking, an increaa 
of volume inversely proportional to their hydrauUcity u 
quick neiis. • ' 

" linked lime is a hydrate of hme. 

" M. Vicat declares that lime is rendered hydraulic by the ft 

mixtiufo of a proportion of fmm 33 to 40 per centum of clay anil 

nilit'ik, and that a Ume is obtained wliicli does not slak^ a 

li <iuickl.V sets under water. 

" Artilioial hydraulic limes do not attain, even under favour 

It uircuiUtitAiioas, the same degree of hardness and power o~ 
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" The close-grained and denaest liiiiestoneB famish the best 

"Hydraulic limes lose or depreciate in value by expoBUre t'> 
the air. 

" AiSnes 13 a species of ochreoas sand claimed to be of fossil 
origin. It is found in France. On account of the large propoi^ 
tioii of clay it contains, Bometimos as gceat as ssTeu-tenths, it can 
be made ioto a paste with water without any addition of lime. 
and hence it is sometimes usuil ia that state for walls constructed 
en pief, as well as for mortar, blixed with rich lime it givtis 
excellent mortar, which attains great hardness under wuter and 
possoases great hydraulic energy. 

"Puizuolana is of volcanic origin. It eoroprisea trass or ter- 
ras, the ai^nes, some of tlie ochrcoua earths, and the sand of cer- 
tain grauwack&i, pramuntee, granites, scliists, and basalts ; their 
principal elements are silica and alumina, the former prepon- 
derating. None contain more than 10 per cent of liine. When 
.■muly pulverised without previous calcination, and combined 
witli the paste of fat lime, in proportions suitable to supply its 
deficiency in that element, it possesses hydraulic energy to « 
valuable degree. It is used in combination with rich lime, and 
it may be made by slightly calcining clay, and driving off the 
water of combination at a temperature of 1200°. 

" Trass or terras ie a blue-blaek trap, is also of volcanic origin. 
It is obtained &om pits of e:<tinct volcanoes, and has nearly all 
the distinguishing elements of puzzuolana, resembling it in com- 
position and in the requirements of its manipulation, reijuiriiig 
to be pulverised and combined with rich lime, to render it fit for 
use and to develop any of its hydraulic properties. (For an 
analysis of them, see fiumell on limes. Cements, Mortars, &c) 

" Brick or tile dust combined with rich lime possesses hydrau- 
lic energy. 

"General Gilmore designates tlie varieties of hydraulic limes 
as follows : if, after being slaked, they harden under water in 
periods varying from fifteen to twenty days after immersion, 
slightly hydraulic ; if from six to eight days, hydraulic ; if from 
one to four days, eminently hydraulic. 

" The aggregate of silica, alumina, magnesia, oxide of iron, &ii., 
Ktotalned in these limea seldom excetbde '35 tA 'icisi ^(Wu&. "^Xi% 
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proportion in the firat class varying from ■! to -20 of the whol^ 
in ths Becond class from '17 to '24, and in the latter class {com 
•20 to -36. 
" Pulverised silica burned with, rich lime produces h jdraulio 
lime of excellent quality. In experiments by MM. Cliatonej^ 
and Eivot, this lime hardened under water in from three to four 
days, and acquii'ed iii twenty-two months a hardness auperior to 
Pottiaad oemunt. The weight of the powdered lime 
ccaJed four times, and never less than one bal^ that of the 
powdered silica. 

" Hydraulic limes in their composition, and in their value for 
apphoation to the purposes of construction, and in their geolo- 
gical position, occapy an intermediate place hetweeu the common 
or fat limes and the hydraalio cements. Tliey are found ii 
T'liited States, in numerous and extensive deposits. Hydraolio 
limes are injured by air slaking, in a ratio varying directly wiUi 
their hydraulicity, and they deteriorate by ago. For foundation* 
in a damp soil or exposure, hydraulic limes muat be exclusivelj' 
employed. 

CemeniA 

" Hydraulic cements contain a laiger proportion of silica, alu- 
mina, magnesia, &a., than any of the preceding varieties of Ii 
they do not slake after calcination, and they are superior to ths 
very best of hydraulic limes, as some of them set under water at 
a moderate temperature (65") in from tliree to four minutes; 
others require as many hours. They do not abrink in harden- 
ing, and moke an excellent mortar without any admixture of sand. 

"lioman cement is made Irom a lime of a peculiar charactec 
found in England and France, derived from argillo-caloareovw 
kidney-shaped stones, termed ' Soptaria,' and when mixed tluofc 
it solidifies in a few minutes either iu air or water ; hence, for 
some purposes, it is of great utility, and for others its use ia 
impracticable. 

" I'be manufactured article takes its name from the locality 
the store, as 'Boulogne' or 'Sheppy.' 

"Eosendale cement, from the township of Kosendale, N.Y,, 
Jurived &am the water Hmestone of the Helderburg groups 
'iUlater county, Ifew Tork. 
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" Portland cement ia waJe in England and France fnrn an 
aigillo-oalcareous depoeit, which b burned and grooBiJ np for 
cement in its natural state, without the addition of lime. It 
requites less water than the Roman cement. It tele eIowIj, auj 
can be remixed with additional water after an inten-al of tireln 
or even twenty-four hours from ita firat mixture. 

" The property of setting slow may be an obstacle to the xuo 
of eotue designations of this cement, aa the Boulogne, when re- 
qoired for localities having to contend against immediate causes 
of destruction, >«a in eea constructions having to be executeil 
under water and between tides. On the other hand, a quick- 
setting cement is always difficult of use ; it requires special work- 
men and an active supervision. A sbw-setting cement, however. 
like the natural Portland, possesses the advantage of being man- 
aged by ordinary workmen, and it can be remixed with additional 
water after twelve or even twenty-four hours. 

"Artificial cement is made by a combination of slaked lime 
with unbumt clay in suitable proportions, burning the mixture 
in a kiln or furnace and then grinding it^ or by substituting for 
the lime a carbonate of a lime that can be pulverised without 

I burning, or by using artificial puzzuolana, or by adding silica in 

^■jS soluble form to a paste of common lime. 

^^B " Artificial puzzuolana is made by subjecting clay to a sligiit 

^^nalcination. ^-{Fambour. ) 

t^ " Salt water has a tendency to decompose cements of all kinds. 

Moiiars. 

" Lime or cement paste is the cementing substance in mortar, 
and its proportion should he determined by the rule, that the 
volume of the cementing substance should be somewhat in 
excess of the volume of voids or spaces in the sand or coarse 
material to be united. The excess being added to meet imper- 
fect manipulation of the mass. 

" Hydrauhc mortar, if re-pulverised and formed into a paste 
after having once set, immediately loses a great portion of its 
hydraulicity, and descends to the level of the moderate hydrau- 
lic limes. A great destruction of the hydraulic principle there- 
fore results from any disturbance of the molecular arrangeuient 
^^jf&a mortar, after ciystallizatiott liaa commencfii. "&W4\&''i^t 
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occurs with the intermediate limes, whioli take initial eet promptlj 
aud firmly, but which ate suhsequently thrown down by the slak- 
ing of the impure caustic lima which they contain. 

■' All mortars are much improved by being worked or manipn- 
lated, and as rich limes gain somewhat by exposure to the air, il 
ig advisable to work mortar in large quantities, and then render 
it fit for use hy a second manipulation. 

White lime will take a larger proportion of eand thaa brown 



1 the composition of mortar injni 



till 

" Ihe use of salt water 
the adhesion of it. 

" Mortar, — When a small quantity of water is mixed with. 
slaked lime, a stilf paste is made, which upon becoming dry or 
hard, has but very little tenacity, hut by being mixed with sand 
or like substances, it acquires the properties of a cement or 
mortar. 

" The proportion of sand that can be incorporated with mortar 
depends partly upon the degree of fineness of the eand itseH 
and partly upon the character of the lime. For the rich limes, 
the resistance ia increased if the sand be in proportions varying 
from 50 to 240 per centum of the paste in volume, beyond this 
proportion the resistance decreases. 

"Stone moHar. — 325 lb. cement, 120 lb. lime, and 14-67 
citbio feet of sand. 

'^ Brick mortar. — 325 Ih. cement, 120 lb. lime, and 12 cubic 
feet of sand. 

"Brown mortar. — Lime one part, sand two, and a small qnan- 
1 tity of hair. 

" Lime and sand, and cement and aand, lessen about one- 
f third in volume when mixed together." 
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1 08, On Rigid Siupengian Bi-idges of large Span, Constructti 
of Iron Mid Steel, or of Wood and Iron etmihined. — Tbe following 
is part of ft paper read by A. Sedley, Esq,, before the " Inventors' 
Institute," and reported in the " Scientific Review :" — " In my 
humble opinion, urged with all due deference to the illustrioiu 
body of engineers of Great Britain, the roadway of a sneperuioQ. 
bridge should be bo built up as to be capable of carrying its om 
weight, at least without sensible deflection, even for the g 
epaiia that can be attempted. At the first blush of thought this • 
may seem to be almost impossible, hut on refiection it will he seen. 

»that it is easy enough. We have already at Lambeth the germ . 
i<f this idea; and, perhaps, plain and simple as some call it, then 
is no bridge over the Thames which has so much useful novelty , 
about it as the suspension bridge by Mr. Barlow, The enginflOT. 
may study here a new principle, one which will, I venture to say,., 
with some improvements, lead to the construction of spang which; 
are impossible on any other than rigid suspension principles. Is'i 
explaining my improvements I shall allude further to this, 
looking into the work of Mr. E. Clark, 'The Conway and Menai. 
Bridges,' I find, page 47, Mr. Stephenson is asked about the 
practicability of the span. It appears that it was in contemplatio; 
at that time to convert Telford's suspension bridge into a rigid' 
bridge by means of trussing ; of this I think it only rem.wis t 
be said that it was found it could not be well managed. 

"I do not propose to go into the question of rigid girder bridge*^ 
without suspension, because they involve different principles trf 
construction, and cannot well he built without centrings, to' 
which in my models I shall particularly direct your attentior^ 
whereby very great expense is saved. 

" The suspension principles by Brunei, in the Saltash Bridge 
and the Chepstow Bridge, have been so carefully explained ia 
papers read before the Society of Civil Engineers, that I will not 
I'CJiture to troublQ yuu ■w^lAi tfuiatka les^ecting these, furthcx, 
(Jljm asiing you to notice ftiatt\i6\vewnMX-«€\(^<»fl.Sis.>0Ma,wsfc; 
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n are towards tlie centre, in the some way as in nil other 
id pider bridges, which is the revetae of my principle. You 
E perceive that I have not gone into the matter of straine, 
lionol areas or weights, tensile or crushing strains. This I 
a oToided, because there are tables for calculating all these, 
■ fbrmulfe also which apply to most of them; but I am one of 
B who think there is as much mechanical common sense in 
e of thia kind as in any other. 

(ample, consider a snspenaion bridge capable of 
g a first class locomotive and tender only, at a rate of fifty 
1 honr. We will assume that the locemotive weighs -10 
ms, that the bridge is 16 ft. wide, and that, in addition to the 
weight of the locomotive, something is due from its momentum, 
part of which is es])endud in the air, and pact of it in the metals 
or substructure of the bridge, Now, I venture to submit -that 
aerious damage would occur to any suspension bridge, constructed 
on any known principle, if a train ran at a quick pace. This 
weight of 40 tons is distributed over a epace of IG ft, by 50 ft., 
naking the load 1 12 Iha. per super foot of surface ■ to this must 
be added an extra weight for the momentum attached to the 
epeed of the engine. If we imagine the engine to be to a cer- 
tain extent moving in the deflection of a cannon ball — viz., that 
its tendency is downwards in a parabohc curve, instead of up- 
wards — it wOl be Been that the additional weight caused from 
this must be very groat ; and it is this frictiona! weight which 
causes the vibration and oscillation which is so dangerous to the 
catenary principle and roads as now constructed. The action of 
the rolling weight would therefore tend rather to produce oscil- 
lation than to allay it, when any regular or irregular strain may 
be put on the bridge ; and no guys, chains, or stays, will have 
the effect of producing rigidity, but merely become an incum- 
brance and extra weight on the chains, without at all adding to 
strength. It would be, in fact, like putting 50 lbs. weight on a 
man's shoulders in order to add to his strength, which certainly 
would be a novel mode of proceeding. 

" There are other systems of suspension bridges, models of 
which were exhibited at the International Exhibition ; and of 
these it may be said fairly, without entering into detail, that 
B imly as strong as the weakest part ot tiiftm. I wy thiB_ 
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^1 bticanse theii principles of euspenston and support are so dii 

^H that much weight is added, ivithout conducing in any way to! 

^m give additional strengtK 

^M " According to Mr. Clark's admirable work on the Mena; 

^H Bridgesj Mr. Stephensoa and himself oiten considered wbetbaj 

^H it would be practicable to convert the Menai SuspeiiBion BiidgK. 

^V hut they seem to have arrived at the same reasoning tliat 
have just e,\pliuDed to you — that unless the platform waa i 
itwelf sufficiently rigid to be self-supporting, all that could I 
dotie would bnt add to the weight of the bridge, without ecu 
ducing one atom to its strength, Even Telford himself wonli 

^L I venture to say, have hesitated to recommend suspension i 

^H a proper principle for locomotive and railway traiiUc. 

^V " There are »o many hostile forces put into action by a troi 

passing over a hriiige of large span, that in my mind I hai 
thus classified them r — I, the percussive, 2, the re-percussivi 
and 3. the ooiicusaive action. The pereuBsivo action I ooi 
sider to be the firat wave which, atiaiag at the entry of 
train on to the bridge, operates ia expending its force in dnvia 
the platform against the opposite abutment, contracting ti 
piatfomt girder in its width slightly at top, and widening i 
lit the bottom ; the re-percusaive force ia the echo or revel 
beration of tliis wave backwards j and the concussive actld 
is the tremulous effect which is generally felt as you approad 
the centre of the bridge. I am, of course, supposing this. TaHoj 
the case of a properly constructed hrittge, where the principla 
are truthful and where the material has not been cut too fins, 
but where the metal ia becoming fatigued, or nearly so, thew 
strains are very unequal, and the vibrations due to the aetioi 
above described begin and oe-ase in a very unequal manner, ai 
consequently are most destructive in their effect. 

" The theuriea and laws of compression and extension ia cast 
iron are so well known that it is not necessary for me to ent- 
iuto them, as there are, I am sure, gentlemen in thia room wl 
will tell me much more about them than I know myself. 

"The moat important considerations in a bridge of largo Bpi 
re — 1. The weight of material to bo employed in the girdei^ 
especially towards the centre, for here the greatest strength ' 
KiieceeeaTy ; consequently, accoTiui'^ \a wjatoous ^ 
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ployerl, great provision must be made for the extra strain exerttd 
in aod by the centre, bj the weight of the material ucceasury to 
be placed there to support it, and the required load of train 
weight besides. 2. The necessity of constructing such bridge of 
great ligbtnesa and rigidity. One of the points mostly insiated 
upon by engineers and contractors is duphcation and reduplica- 
tion of parts, so as to afford an easy method of construction. It 
is possible that in what I submit to your notice, it may be urged 
that tJiere is an excess of metal, as they are only small models. 
This may indeed be the case, but in the full size it would not 
he BO. 

" I may mention to you that I have already constructed a 
imall bridge for foot-passengers with a clear span of twenty-eight 
feet It is made of common fir, and the sectional area of the 
I girders is only 160 inches, which is leas by one half than 
other bridge of which I have been able to obtain a measure- 
it 

l." This bridge has borne, with a deflection of two inches, seven 
' materials placed on it. It was afterwarda tested by 
mty men jumping in the centre, when the deflection or spring 
B five-eighths of an inch, but as much upwanls as downwards. 
I total weight of the bridge is sixteen cwt. It is only 
^hly put together, and much weakened by mistakes made, and 
i always inevitable in a first trial of a new system of 

t is a combination of the tubular, girder, and suspension 

miuples ; unites great simplicity with easy and economical con- 

nietion ; and the combination differs entirely from any employed 

^p to the present time. No intermediate piers or aubaqueoue 

works are nccesaary. 

"Such a bridge may be built as easily at a height of 500 feet 
above the level of the river or valley, as at a height of 25 feet ; 
and wood, iron, and stael may be used in combination, or in 
laige spans iron and steel only. 

" I am fully aware of the risks of crushing and tensile strains, 
which are considered imminent in a structure of this kind, but 
nm certain that all these are provided for. One thing is perfectly 
i-lear, that if it be an ascertained and easy matter to raise and 
Juajiah a vessel of 5,000 tons iOO or 500 feet \(Mi^, aai'SQi^ti- 
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ing treble the weight of this bridge, there can be no difficuity i 
coDEtruGting and placing in position a. bridge not exceeding on 
third of the weight, aad pOEseEsing three times the strength 1 
such ft atructure as a vessel In all combinatione of this bin 
<;orQpactneBS, rigidity, and a due relation of parts and streDgt 
are features of the first importance ; and with a view to tl 
application of these, I have studied as well as I could all tl 
structures and various systems adopted by the most celebiata 
engineers at home and abroad, and naturally availed i 
of the advantages to be derived from the coustructive f 
of these bridges or viaducts," 

109. Trussed versus Plate Oirders. — " The broad principlM( 
says a writer in the 'Mechanics' Magazine,' March 10th, 186i 
in an article under the above title, of which we here give ea 
tracts, — '■ governing the grand art of bridge construction may I 
regarded aa settled by the dictum of men of science, who have I 
many instances arrived at similar conclusions from data so a 
tirely dissimilar, that the strongest confirmation is afforded i 
their general accuracy. But other questions than those ci 
with strength begin to start up day by day — considerations whi 
urge themselves on our attention with a pertinacity which n 
brook no denial of their claims to be heard. Time was when I 
long as a span was crossed, men cared Uttle as to the ecsthetic 
laws observed or hrofeen in the crossing. Funds wore lavishe 
and expense was seldom thought much about. A ton or two i 
iron here and there more than was absolutely necessary was a in 
ter of only secondary consideration. As to durability, it 
doubtful if engineers ever gave the question a thought, i 
mitted it to influence their proceedings in any way. So long i 
a bridge possessed such a margin of strength as would enable 
to cope with the more obtrusive forces of destruction involred \ 
the presence of intrinsic weight in the structure itself, and e 
ternal weight in the passing loads, all was well, and little a 
tion was paid to the possible effects of the mora subtle agen<al 
of destruction brought to beat by chemical action, and contitn 
ously recurring vibrations. The conclusion was one of ttie moi 
natural possible ; it followed as a direct consequence of the ■ 
[ most total dearth oS inioTmB.^no'o.-, a.'Di.ft'*«n.Ti5i-»i,ftfter the lapi 
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of twBDty years of iron-bridge bnilding, the subject is only just 
beginning to nsceiyo the attenttoQ it realty deserves. 

"The opinions of Mr. Fairbnim as the apostle, if not the pa- 
rent, of the tubular girJer, are worthy of every consideration, and 
when we find him lifting up his voice to protest against the use 
of the lattice girder, it is reasonable that we should listen to bis 
warning. Yet the employment of tho trussed girder goes on 
apace, while the tubular girder would eeem to be simply tolerated 
aa an inyention likely to serve a good purpose tmJer ejsceptional 
conditions, but by no means to be resorted to, otherwise than as 
a last resource. We are speaking now, be it observed, of works 
of considerable magnitude, not of the small structures which 
abound in every country blessed with a railway system. We 
cannot resist the conclusion that Mr. Fairbairn is perfectly right 
in maintaining the high character of the tubular girder ; but we 
also believe that the practical engineer is correct in refusing to 
adopt it habitually. The apparent anomaly contained in tliese 
statements will vanish when we tuiderstand that Mr, Fairbairn, 
and many other gentlemen of talent and skill who coincide in 
his opinions, regard the entire qnestion from an antiquated point 
of view. With thom, the strength of a glider is a point to which 
every other consideration must be subordinated. The engineer, 
on the contrary, well up in modern practice, perceives that it will 
not do to erect a structnre which shall resemble one of tbe crea- 
tions of Fuseli in its real bideouaness, no matter how beautiful it 
may be as an example of the application of sound theory to con- 
structive art; neither will it serve his purpose or that of his em- 
ployers to spend more money than may be absolutely necessary, 
lo addition the teachings of such experience us we have as yet 
bad placed at oiii disposal goes to show that the tubular girder, 
and to some extent the plate girder as well, contains in itseK the 
elements of its own destruction 

"As to expense, under any circumstances the tubular form is 
perhaps the most costly that it is possible to adopt. Without 
the cellular system the girder loses at least one-half of its advan- 
tages, and yet these some cells run away with nearly, if not 
i|ilite, one moiety of the pecuniary expenditure on labour. The 
use of self-acting punching machinery can do little to mitigate 
I'^l* gril The riveting c&a hardly be peifoimod Qtbaiwiae than by 
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liBad, and the small size of the cells, and the difficultiee met vdOt 
in ' holding up' the riveta to the Btrikers, are too well nndeistood 'bf 
ibe practi'^ mui to lequite mach comment at oar hands. We 
can state with confidence that the espenae of such girders juust 
be nearly £5 per ton gKater than that of lattice beams of eqiul 
strength, and from £1 to £2 greater than that of the simidft' 
plate girders ocrcaaionallj osed for condderable spans. In addi- 
tion to the qneetion of first cost, however, we find that the diJS- 
cultiea of repair are excessively great. The time has not yet 
come when it will he fonnd neceesary to replace corroded platei 
in the Britannia ot Conway tubes. Indeed, the plate iron hridga 
is of anch comparatively recent invention that this matter of 
pairs has been tacitly handed over to a succeeding generation 
something with which we have nothing to do. It is poS 
siblo that the conclusion ia premature. In any case it 
he found that the cutting of one plate out, and the 
ing it with another, will ho a serioua undertaking ; and it ia 
tain that, the initial powers of resistance of the girder onct 
paired, they can never be restored by any practicable ayatoi 
patching. The cutting off of ' snap ' jraints, and the punchin 
out of rivets, is not calculated to improve the quality of a plate 
ami we much fear that the tacking oil of new material to th 
already grown, not grey, hut rusty in aervice, can only tend 1 
make an original rent very much worse. So long as wrought iro 
is exposed to the direct inHuence of an atmosphere charged wil 
moisture, its corrosion must, of necessity, be rapid. The onl 
pruoticnhlo protection is paint ; but the cells of a tubular girdt 
onoo finished, anything like aatiBlactory access to them is at a 
end, Uamp and air will penetrate, however, where a boy with 
can of paint cannot ; and as the protecting medium will not lai 
I'lir over, it follows that corrosion must sooner or later destroy tl 
platw. Alrenity a quantity of scale has been removed from tt 
llrilanuia bridge, representing a quantity of iron equivalent to 
liar i in. in diameter the length of the entire span. Of the staj 
of llie colls, we know absolutely nothing. The simple plat 
ginlor ia not much better off; altliougli accessible in the main, 
)yi\*tmU sudi an immense comparative surface to the influen 
iif the wentlier, that even with every caution the iron is liabl 
to b» onten awoj with curpimna tojX&Vs. "Wftewi 
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Bme thinneEs of tLe webs into oonsiilemtion, it is easy to see 
the margin afforded to compensate for this action is exa.'ed- 

'The great def»:ct of the trussed ginler is tlib want of vertical 

Becent impravcineiita in the distribution of the oiate- 

have done much to overcome this objection ; and yet more 

been done by accurate fitting and careful woriunanahip. The 

ia of the lattice girder can be traced to America, and we be- 

B it was invented by an engineer named Town. It ia hardly 

J to state, that in the first instance it was invariably 

e of wood. The first English engineer to adopt it in iron, 

Sir John MacNoil, who constiacted a bridge of the kind on 

Dabhn and Dcogheda Eailway, of about 40 ft. span, in 

~t, with the best results ; since then the system has risen and 

1 in estimation. It is now rising again; and it is probable 

F-it will yet take the place it really deserves. According to 

Fairhaixn, it is, perhaps, true that initial strength of the lat- 

:aa compared with the tubular cellular girder, ia hut as '84 is 

, It remains to he seen, however, whether thia ratio can hv 

tded as constant through a long series of years. AVe have 

y reason to believe that it cannot. The ease with which Um' 

ro properly the trussed girder, can be painted, the 

"^fecQity with which repairs can be effected ivithout in any way 

interfering with the traffic, and the greater thickness of the bars 

of which it ia composed, are all so many points in its favour. 

The ultimate strength of bars, too, as compared with plates, is 

nearly in the ratio of 13 to 12, a consideration worth something. 

Special machineiy can he applied to the formation of trussed 

ra with unpflialleled ease, while the facilities which they pre- 

t for export in the small size and exact duphcation of theii' 

I, have secured them a preference which they well deserve 

f colonial lines. As to beauty, there can be no question that 

item affords opportunities for the carrying out of the tnns 

lies of aisthetical art which are absolutely unrivalled." 

, Large Span Roofs, — " At a recent meeting of the Su- 

y of Civil Engineers in France, M. Lehaltre brought forwaril 

8 of a system of suspended roofing proposed by MM. !«- 

~e Mondfoir. Owing to the use of iron and coat metal, 

p haalateJjr made great progteaa. lb, liaa, iun«S^h!!&iMA ^mro. 
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impossible, witliiu a reasonable outlajr, to exceed a span of 3i 
metres, or exceptionally, and with considerable sacrifice, of iH me- 1 
tres to 49 metres. It is very evident that it would be of gteatUS-V 
provemcnt to be able to cover large spaces, as market-places, nulwtf ■ 
etationa, hippodromes, &c., without the use of intermediate s _ 
jwrta, which represent a host of inconveniences it would be u»M 
leas to recall here. 'MM, Lehaltre and de Mondfi^ have socgh^ 
tlie solution of the difbcnlty in the use of suspending cables, tl 
application of which has been hitherto limited to euapen ' 
bridges. The principal difficulties which attend the u 
in suspension bridges completely disappear from their n«e fua 
roofing. The strain they have to sustain being no longer vnri- 
able, there is no fear of those oscillating movements which are 80 
dangerous, and which considerably increase the oost of mainte- 
nance of the flooring. The roo&ng cables can always be mode fad!/ 
to open work inside the bearing walla. The advantages of thia 
new application are apparent, One of the foremost is the eoo* 
nomy induced, a consequence of the light weight. It is not tlu 
object of the authors of the system to make it a matter of spe- 
culation, but on the contrary, they desire to popularise it by teacb 
ing it to all competent men, and submitting it to the appreaia< 
tion of learned societies. It may be adapted to the aonetmctioB 
of large circuses, either with or without centre columns ; of navoi 
lighted from the top, either though glaring on the coping en 
through vertical hghts; of a series of longitudinal and transverse 
galleries, supported by pillars alternately anunged at distaneei 
of from 30 metres to 76 metres. 

" A short description was furnished of proposed plans for t 
circus of 200 metres interior diameter, and for one of 100 metrai 
interior diameter, with a pillar in the centre; also for a circus lOfl 
metres interior diameter, and a market-place 50 metres inteiitq! 
diameter, with granaries or shops, without internal support Ib 
the two first structures the suspending chains are secured to tt 
sheet-iron hood on the top of the centre column, passing ovet, 
friction rollers placed on the bearing walls of a oironlar gallery 
of masonry 28 metres wide, which runs round the space to hi 
covered in, and are fastened in a gallery easy of access, so that 
they may be examined. Tliese sasjienaion chains, with the hdj 
of iron BUpporta bound tngeftiei, "beat wg \Ni6 ijiKsvsn.-^ i ' 
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jl^uch are of iron, and these support the purlins, hatteninga, and 
a covering either of sheet-iron or zina The roof is arrauged in 
terraces, and the lights are iutroducod in the upright spaces in- 
tarvaning bi;tw6en every two successive terraoes. IDl. Lehoitre 
md da MondSsir oompnte approximately that such a structure — 
from the ground level (not inclusive of foundations), constructed of 
iron wire which will hear a strain of one-tenth its nltimate re- 
sistance, the column heing aulyected to a maximum weight of 
seven kilogrammes per aqnara centimetre at its base and of four 
Idlogramiaes at its euraiait, of zinc No. li, the masonry of free- 
stone — might be erected at less than half the oost of ordinary 
market and assembly plaaes. A oirous 100 metraa in diameter, 
built as substantially, with a contral column of oast iron instead 
of masonry, would oost 06 f the square metre, at the outside. 
One of the same dimensions without a central pUlar, lighted by 
a central lantern borne by the roof attached to the suspension 
chains, would cost 90 £ per sq^nare metre. A market-place 50 
metres in diameter, on the same system, would cost 70 £ the 
square metre. In theae erection?, in which the roof is suspended, 
the weight of the hearing walls of the outside gallery is utilised 
in resisting the tension of the chains. 

" There then follows an account of the adaptation of the sys- 
tem to- reotangnlar builiiings. Tor a reotangular room, 75 metres 
in width, with lateral buildings, the bearing-walla of which serve 
as grapplinga for the chains, tlie chains are supported by pillars 
erected on the bearing-walls. With the help of suspension rods 
they bear the transversa rafters. That the pillars may not be 
raised too high, that portion of the rafter which is neai'est them 
is borne by rods submitted to a traction strain, and towards the 
middle they are supported hy upright nifls whioh are compressed 
or tightened. The distance of the cahlea is regulated by the 
length of the purUiis, fixed in the plan at 12 metres. Adhering 
to these conditiona, the square metre covered in, including an- 
nexed buildings (above the ground level) oomes to 75 C ; the 
lights are introduced in the copings of the roof. By increasing 
the height of the pillars over which the chains pass, vertical 
lights might he aontrived, but the oost would then be 85 £. the 
square metre. A rectangular room 150 metres in width, lighted 
from the aopiii^ ivould he constructed at 85 {.-, \\%'ii\fid.m\A^->(«ittik.- 
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nd wiuJowe aA 95 I', the square metre. For epoQa of 250 D 
tras, the cost would be onlj two-tliiTds of the ordinarj cost ot 
sp&DB uf only 30 or 40 metres, conatiucted oa the old t 
not surpasaiiig 160 £ Lastly, the authors oFthia memoiie exlulsl 
a proposed arrangement for buildings with longitudinal gallerii 
40 metres, and transverse galleries 30 metres in width, and £ 
buildings with longitudinal galleries 75 metres, and tianirves 
galleries 40 metres in width, specially suitable for exbibitio 
huildinga, morketfi, or laige shops. These galleries are aiTauga 
>vilh an alternate system of supports, and funu a -series of apa 
ments arranged in equares like a chess-board. The span of t 
purlins would be too great were the cliaina suspended only a 
way; they are, therefore, hung across each other longitudinallj 
and diagonally. Tliey are coimected at the top of each piUaf 
and being diametrically opposite to one another, the horizontq 
strain is neutralised, and the vertical component only lemain^ u 
a direct downward pressure oa the pillar. All the chaiiia an 
as in the preiieding instance, grappled to the bearing-walls of thi 
side buildings. The main rafters, fixed in the same plane a. 
chains, are borne by suspenstLin rods or props, and receivf 
purlins and glazing. The rain overflow is conducted through tht 
inside of the pillara. This design, as hght as it is graceful, fornu 
a kind of series of vaults of ribs, the rafters of which, placed ii 
the plane ef the diagonal chains, form the intersections. Tt 
cost of the first construction, 46 metres, is valued at 65 f., thi 
of the eecond, 76 metres, at 70 £. All the estimates would, i 
course, be lowered, if, instead of zinc, freestone, and cast metal, 
there were employed bituraenised pasteboard, and deal for thf 
timber work. The expense of the two last proposed erection^ 
applicable to exhibition buildings, would be 35 £ (galleries a, 
40 metres) 45 £ (galleries of 75 metres)." — Building Nttes, 

111. r/ie Sfu'Hield Reaemoir Accident. — "The cause of tlia; 
giving way of the embankment of the Uradfield reservoir, Dca; 
Sheffield, by which 238 lives were lost, and .£400,000 worth o 
property destroyed, in March, 1864, has been keenly speculated 
upon by engineers. The Water-works Company consulted aoverd 
he most eminent hydraulic and other engineera of the day, 
the report of those gentlemen has been issued to the sharer 
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Home office, in regard to the resumption of work on the Agdeo 
rRservoir, which waa stopped by the directors immediately after 
the accident at Bradfield. Mr, Itawlinson (Government iTiHpee- 
tor) stated at the inquest that the aubataiice of that bank was aa 
'porous ae a sieve.' He attributeil the failure of the BradiieUl 
bank to a fracture or dislocation of the pipes, which are imbedded 
ia the solid earth beneath the ba^e of the bank. Sir 0«orge 
Grey says, in hia reply to a letter from the directors, after they 
bad received the report of the engineers — ' I am to acquaint you, 
in reply, that as Sir George Grey understands the works at Ag- 
den to be now precisely in the same state as when they were 
in^cted in March lost by Mr. Kawliuson, and as bis report of 
the result of his inspection of these works is in the possession of 
tile directors, tc^ether with the report of Measra. Eawlinson and 
Beardmore on the bursting of the BradtieU reservoir embank- 
ment, and a copy of the evidence given at the inquest held at 
Sheffield, Sir Geoi^ Grey does not see what additional informa- 
tixin could be obtained by a further investigation made at the in- 
etnnce of the Government. The directors, with thin information in 
their possession, having now decided, as ynti inform Sir George 
Grey, that they are justified ia proceeding with the Agden em- 
hanfanent. Sir George Grey can only remind them that he has no 
power to interfere with their decision ; and that if the works 
are proceeded with it must be upon the undivided responsibility 
of the Company, and without any sanction, expressed or implied, 
on the part of Her Majesty's Government,' In their report to 
the shareholders the engtneera (Messrs. Simpson, Hawksley, Bate- 
man, Powler, and Harrison) enter at aooie length into the cir- 
cumatances attending the construction of the Bradfield reservoir, 
and conclude as follows : — 'The filling of the reservoir commenced 
iu June, 1863, on the occasion of a heavy flood, and from that 
time, with some intermiaeiona, the reserroir gradually increased 
in depth, and at the time of the accident, on the 1 1th of March, 
1864, it had attained to a height which was within three inches 
of the top of the weir. During the whole of this period no im- 
perfection of any kind had been perceived, the embankment and 
the reservoir being absolutely water-tight ; for though a small 
spring of ochreous water issued from a shale bed in the escarp- 
anest on tba south side of the liTei \xiiaii "Caa \x^^ii^ '^<^ 
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still continues to issue, although the reservoir has been emptied 
of ita contents for many montha. There was no fracture of the 
pipes, nor any cree^ of nater along the outside of them. 
Kmhankment was composed 0/ materials wAie/i would not ham 
clipped if the base on which it rested had been immovable. Wi 
mvst, therefore, look/or nausea other Ihan wtppoied imper/ectioK 
in the qwdlty of the materiaU or workmanship for the failure q' 
the reservoir. The weather duruig the fortnight previous to thi 
accident had been esceedinnly wet, the rain ao swelling the riveH 
aa to inundate all the low oountcy in the East Riding of Yorkr 
shire. It ia in euoh Reasona that maaaes of earth, cotnmonlj' 
called ' landslips/ become saturated with water or lubricated on, 
r bases, and, although at other periods oomparatively or ult* 
gether stable, now begin to move. That the ground outside tha 
embanlcment baa moved ia evident, not only from the tears and 
fractures which are to be observed in the lower part of the m 
but also from the eignifioant fact that one cottage situated h 
on the hill, and another nearer to the fuot, and both remote fi 
the bank, give unmistakable proofs of the recent movement o( 
the ground on wbicli they stand. From the testimony of the 
occupiers of these cottages this movement must have immediately 
preceded or fcewi concurrent with the bursting of the reserve" 
After a full consideration of these and other collateral circu. 
stances, we are unanimously of opinion that the accident w 
nccasioned by a landslip wbich occurred in the ground imraetU- 
ntely on the east side of the embaukment, and which extended 
beneath a portion of its outer slope, involving in its consequence 
the ruin of that portion of the bank, and producing the ci ' 
trophe which followed. To this conclusion we severally came « 
out first examination ; and every subsequent inveatigation, xa 
the more intimate acquaintance we have sinoo acquired, with aJ 
the evidence and facts connected with the subject, have only th 
more firmly convinced us that to no other cau'e can the destruif 
tion of the reservoir be rightly attributed. We are, moreover, 
of opinion that all the arrangemeata made by jour engineers w 
such as might have been reasonably expected to have proved 
fScieut for the purposes for which they were intended, ^ai U 
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if the ground beneath the bank had not movevl, this work would 
have been us safe and as perfect as the oth«n; five or six largo 
reservoirs of the Company, which have been conatructed in a 
similar manner, and which have ao long supplied the town of 
ShefiBold and the rivers Riveliu, Loidey, and Don with water. 
With regard to the propriety of repairing the broken embank- 
ment, or of abandoning it and forming another elsewhere, we art 
not in a condition to report folly on this queation.' 

'' Thna in a professional point of view the interest in the burst- 
ing of the Bradfield reservoir is as groat, if not greater than ever ■ 
ir the mora doctors have been called in successively, the more 
appear to have disagreed ag to the true reason of the di«- 
09 Mure of the work. 

Mr. Kawlinson, C.E., as it will be remembered,* as stated 

columns some months ago, attributed the failure to irac- 

ture of the main pipes under the thickness of the embankment, 

This solution, never to our mind probable, was negatived subse- 

ently by actual observation of the bare laid pipes. But Mr. 

iwlinson also stated that the earthwork of the embankment 

very imperfectly executed, both as to its material and the way 

wliich it was laid in ; that, in fact, it was as ' porous as a 

In this, as a general statement, he was unquestionably 

it, as verified by our own personal and careful examination of 

work. Many other more or lass random opinions were uttered 

to the cause of the giving way of the embankment, at the 

date and subsequent to the inquest. 

""We ourselves formed a decided view as to the true causes of 
the catastrophe, and explained them in former pages of this Jour- 
nal, with the aid of diagrams. 

"The essence of our solution was this, that the porosity of 
the inner or up-stream prism of the embankment, formed as it 
was of alternate layers of earth and of loose atones, gradually 
permitted the whole of that prism to get water-aoaked, and so to 
"bring the water pressure as a hydrostatic force at last right against 
the up-atream vertical side of the puddle wall in the embankment 
When that took place, the whole resistance of the embankment 
became reduced merely to that of the puddle wall and the outer 
prism. These, it admits of demonstration, were not alone capable 
afmatainiDg continuously the presanie ot 't\\e 'NsSfit in the re- 
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servoir. The outer prism was bent or pushed partly over ; the 
top waa thus lowered, and the fiist water tliat began to run oret, 
or wash over in lai^e disturbed waves, rapidly led to the final 
catoBtroplie, which in alt likelihood wu a great slipping of the 
toe and down-stream front of the eintiankment, after the fint 
few minates of the ni»h over and down the face had weakened, 
ami in part excavated, the down-stream toe of the bank. This, 
however, is a different affair from the utterly improbable hypo- 
thesis of a landslip under the enilMnhnpnt. 

"The portion of the last report of the five engineers, which, 
we have placed in italics, is one of the most singularly loo3«^ . 
gratuitous, and unsupported statements we have ever seen in such 
a document. What proof is offered or even suggested that the 
materials ot the embankment would not have slipped if the base 
on which it rested had been immovable) and who has ever said, 
on good grounds, that it did slipl How adroitly, therefore, thft' 
flank is turned of the real point at issue by taking all tbie 
granted, and then triumphantly adding, we must therefore look 
for other causes than the mppoaed imperfeelioia of the material* 
or ioorkmanskipfor the failure of the reservoir. 

"Kothing, as it occurs to us, can be less consequential or c 
viiicing than the attempts at circumstantial argument, by which 
it is sought to show that the whole affair arose from a landslip 
at or rather under the outer toe of the bank. True it was that 
slippety soil had always existed at the one aide of the valley, 
just below the bank ; but its condition, to a critical eye, after the 
failure and inundation was precisely the same as it was before 
these. There was no sign of imy fresh, sudden, or great slippage, 
nor indeed of any landslip at all ; and had any such occurred, 
as its line of movement must have been transverse to the valley 
or along the line of the outer toe, and towards the centre of tha 
valley into which such a landsUp must have precipitated itaeU; 
its effects woulJ not have been to weaken, but actually to in- 

ase the stability of the embankment 

"When the rush of water took place, and enormous masses o£ 
earth, ifea, were thrown forward, and the whole of the valley flanks 
adjacent shaken and disturbed, tlie slippery aide did no doubt, 
more or less, descend bodily, though very slightly, and the eot- 
apon this side came wit\i vt Vi-j ao-nvfe mnii ^■mais.'^ 
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IpOBeibly cracked their walk more or leas. But what trustworthy 
■ evidenoe is there that they were not cracked before I How I'x- 
I traoidinary an example of the pogt hoc propter hoc mode of 
I reasoning it is to take these events, all of which may be just as 
f easily yiewed as consequences, for the causes of the phenomenon 1 
"There is nothing in the fact that the reservoir was qoite full 
for some short time and appeared to stand well, and yet failed at 
last, that necessiirily supports the view of the live engineers' re- 
port, On the othci hand, this is precisely the successive order 
of facts that we shoold expect as consonant with the solution we 
have given, and to the truth of which they present strong cor- 
roborative evidence. 

" While thp whole embankment, inside and outside prisms, 
resisted the water pressure, it remained safe and sound. The 
eookage of the inner priiim was a work of time, the duration of 
which depended on the greater or iesa porosity of the strata of 
its material Until the water as a continuous fluid had worked 
its way fairly iuto the upper face of the puddle wall, all may 
have been well. At length, however, the continuity of fluid in- 
volved continuity of hydrostatic pressure, transferred now from 
the outside of the inner slope of the inner prism to the nearly 
vertical inner face of the contained puddle wall ; and then the 
consequence was as we have indicated before. 

"The assertions of the five reporters (for we cannot dignify 
them with the title of conclusions) tliat the work was all well 
done, and deserved no exception to be taken to it — that the 
failure arose from this assumed lanilslip — and that it is vain to 
look for any other cause for it — may be very polite to the reputa. 
tions principally concerned, and very politic on tlie part of hy- 
draulic engineers in general anxious to allay the alarm of the 
pnbhc as to big reservoirs and embankments ; but we take leave 
to say is very far from being a philosophically true and search- 
ingly eKHct statement of the facta, or a logical consideration of 
the conclusions to wliich their accurate statement and colligation 
should have led. 

"We therefore venture to commend to such of our readers as 
are professionally or otherwise interested in the Sheflield accident 
(if 80 it may be calieii) to turn back to our previous article on 
Cbe subject and reperuse it, witli t\xe le^oA iwNft "wHsstwiS. "y.^ 
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^H before them, and draw their own coiiclasions. ' — Practical Ma- 
^1 chame'a Journal. 
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112. T}i6 Royal Agricultural Societj/s Meeting at Plymouth. 

In this department tha feature of the year waa, as usual, the 

■jv« ; from a notice of which in. the " Practical Mechanic's Jour- 
nal" we take the following : — "Thia meeting, the visit of tlie- 
Prince and Princess of Wales, and the arrival of the French Bquad^ 
ron at rij-mnuth, have created an unuauai amount of public in- 
terest to be directHd to the Western metropolis. Althongh no donbC 
desirable for the general good of agriculture that the meeting a~ 
this power^l society should be held in all parts of England, it is 
clearly a loss to the society, and to the buli of exhibitors, when 
the meeting happens to take place iu a district so remote aa 
extreme west. The visit of the Prince and Princess of Wale^ 
and the acciJental arrival of the French squadron, have, how- 
ever, contributed to enlarge the number of viaitors ; but nothing* 
like the numbers attained in the central counties can he this 
year expected. The railroad accommodation is too scanty to 
BHpply the desired number of shilling visitors. 

"The implements exhibited, to which our attention has been 
exclusively directed, show no falling off in point of numbers^ 
there being no less than 4,023 separate entries. We are ^Ud to 
recognise the names of all the large firms aa exhibitors, and ths 
stands also disclose a &ir number of local names. The show 
each year seems to bring bo light a number of small maker 
the separate localities, showing that in the aggregate agricul- 
tural implement makers form no contemptible section of the 
oommuriity. 

" Our readers are aware that the society takes a certain class 
of implements into examination each year. The prizes at Ply- 
mouth are given to drills, horse hoes, haymakers, horse takea,^ 
gmsa mowers, and reaping madhinfts j aad aach uumhers of thes 
imphmeuta have been exbil^J^Usji^^teAaa V, ^a3. wss«ws^ ■« 
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powers of the judges, vliilat the exhibitors in Gomu instances 
loudly complain that sufficient time is not given to thoroughly 
test each machine, 

"The reaping and mowing mschiuea have this year attracted 
greatest notice. Many farmers who have quite made up their 
miuda to mechanical catting, have postponed their decision as to 
the machine to he purchased until after the Plymouth show. We 
fear, however, that the trials have been conducted under anch un- 
favourable circumstances as to render the result of comparatively 
small value. 

" Few of the tipping-platforms could work without 
stoppages, the crops being too heavy and tangled for them, 
ordinary crops, however, the tipping-platform, if properly con- 
rtiucted, greatly facihtates delivery. Wood's and Homsby's 
platforms acted well, and Pickaley and Sim's machine made very 
satisfactory work. The heat, however, was that of Cuthbert's 
simply-made machine, with a flat immovable platform, the cut- 
ting being beautifiiUy done, and the delivery, in small bunches 
. leady for binding, accomplished with regularity and apparent 
In Homsby's now reaper, a rakcman gathers the crop to 
lachine, catches the cut com upon a tipping platform, and 
f a movement of his foot drops the hunch upon a number of 
■ ins on a lower platform, these delivering the bunch at 
e side out of the next track of the horses. This machine has 
B advantage of the rakeman's discretion in separating and lift- 
up the tangled com, and forming it into a proper bunch, 
lan is relieved of the pushing the cut com off. the 
Itatform. But the sheaves are not only laid in good form for 
[nding — an important point, both in facilitating labour and 
ing most of the ears at the top of the ' stook ' when set up 
-they are also delivered completely out of the way of the next 
turse of the machine j so that, as with all side-delivery reapers, 
the machine has never to wait for the precise number of hands 
proportioned to the crop, and barley or heavy wheat may be left 
for any length of time untied and drying under sun and sir. 
Self-acting sheafing machines have been introduced since the last 
(or Leeds) trial of reapers, and with considerable success. Samuel- 
son's automatic rakes, revolving something hke four sails of a 
wjadmll on an axis nearly ■vertvcaA, an4 ^\u4ei.\s^ ^ 
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cam eo 03 to enter into the crop endwise, lay the corn back over 
the cutters, anil tlien cknr off the cut sheat' by sweeping radially 
over the platform, worked with a quiet motion favourable to Teij 
ripe grain. 

" WoiMi's machine, with a single rake-ami, revolving i 
tdniilar position, bat in conjunction with an oKlinary renl c 
horizontal axis for bringing the corn upon the platform, has also 
great m^rit ; and the delivery can be delayed at pleasure by tliv 
ilrivur, to form sheaves of any size. Burgess and Key's uiachint 
wade tlie cleanest and best cut, but the breadth taken proved too 
much for the delivering powers of the rake ; and the velocity of 
the rake {revolving in the place of one of the real boards) c 
it to toss up into the ur much of the com that should have h 
quietly laid in neat sheaves. 

" One point made apparent during the trials i^ that aheaf de- 
livery, if not effected by too sudden and violent a motion, thrashes 
out 1e^ grain than swathe delivery does, as only the outer por- 
tions of each eheaf meet with concussion, while in the swatbtt 
almost every ear encounters a hard stroke from tlie reel-boaid, 
the platform, or projections on the belts c ' ' 
platform of Bui^ess and Key's old machine was comparatively 
free fn>m this objection ; Homsby'a swathing machine « 
very well until the crop proved too much for the dividing iron; 
and the machines of the Beverley Company hardly proved equai 
ti) the difhcult task before them. These reapers possess peculiaa 
facilities ; the horses, walking behind, con cliarge into the n 
of a standing crop without any previous opening of a path by th6 
scythe, and the swathe may be delivered to right or left ; and, a 
there ia no ' side draught,' the tbree-horBe machine can take a 
eight^feot width of cut, mowing a much larger acre^je per d^ 
than is attainable by any other reaper. The framing, the posi' 
tion of the platform, and details of the working parts, have been 
lately much improved 

" Fuurteen gras3 mowers were tested upon a piece of thia; 
■weody meadow, laid flat by rain, and with a difBcult bottom fa 
the cutters to travel over. In Barher'a Eagle mower you can 
either end of the finger-bar to pass over an obstruction. 
Samuelson's mower you raise the finger-bar and set the whaol 
work in or out of gear — aU "by raeaM ol -^jovm! ^ 
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AmericftD 'clipper' tlio draught-iron from tho whipple-treea is 
made to relieve tlie finger-har of its downward pressure upon the 
ground, and by a. lever jou can give the cutters more or less 
pitch, without etopping the boreea. In Homsbj-'s mower the 
finger-bar is at liberty not only to riae and fall of its own accord 
at either end, but also to twist as it were, so that tho cutteni 
always creep close to tho ground, the ' pitch ' being self- regulated 
by a small castor-wheel travelling in advance. In Kearsley'a 
mower the whole frame accommodates itself in this manner to in- 
equalities of surface, ganged by a larger castor-wheel travelling in 
front, and the fniraework is of wrought iron. Burgess and Key's 
new mower packs all the mechanism in a wonderfully small 
space between the finger-bar and one of the main driving 
wheels, over the track cleared by the lost course of the machine; 
Bod thus the crank-shaft can be placed close to the groimd, 
flMTinging it on a level with the cutters, reducing the friction in 
pVOTk, and ahurtoning and strengthening the connecting-rod. 

" Between Thursday morning and Saturday night nine general- 
purpose drills, Mteen corn drills, fourteen small- occupation com- 
diills. two hill-side delivery- diills, fourteen turnip-drills on the 
flat, eight tumip-drilla on the ridge, five drills fur small seeds, 
' driU-pressera, eight dry-manure distrihntoia, three liquid- 
^.^lonure drills, hve liquid-manure distributors, and nine horae- 
flat, were subjected to actual trial The drills were 
worked in turn with the requisite vajieties of seeds and manures, 
[the conatriiction and mechanical details examined, and selected 
■drills made to deposit upon bard road, wliere tho regularity of 
"strihution conld bo seen, as well worked for some time with tbe^ 
n pulverized soil Homsby's arrangement of the manure 
the common drill is an BfiootivB improvement. CJoultaa 
I introduced many simple but valuable details into his first- 
s diilla for all purposes, more particularly the copper ' tins ' 
p artificial manure, Eoeves has furnished his liquid-manure 
■ diill with a cylinder that prevents the cups from breaking; and 
"Junty has brought out a novelty in the shape of springs instead 
(f weights upon the drill levers, an invention that lightens the 
;5)Iement, and adds to its efficiency where level and well-pul- 
l seed-beds are to be sown. In dry-manure distributors, 
r advance has been madQ Upon ClmubBi&'a Wirel, witl 
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scrapers for sowing either minute or considerable quantities pet 
acre. Priest and Woolnough'a horse-hoe now competes t^unat 
the novel implement of Sainty, with the spring levers and light 
lifting frame euppknting the old chains and winding barrel, and 
Homsby brings out a horse-hoe having a awing steerage operat- 
ing with spring hangers in an exact and easy manner. These 
weeding implements were tried upon young growing rye, and 
again upon a turnip crop. 

" Amongst the heavier class of machinery we noticed Aveling 
and Porter's eight-horse power locomotives, which travelled from 
Eocheater, hauling another engine and a couple of heavy trucks 
along the turnpike toads at the rate of about Mty miles a-day. 
John Fowler & Co. exhibit a ten-horse power single cylinder 
engine, fitted for traction purposes and stationary driving only, 
without the cultivating gear. This engine demonstrated clearly 
by various experiments its great power and remarkable facilities 
at different speeds and varying loads upon all sorts of curves an 
gradients. The Leeds Steam-plough Works exhibit here, i 
operation, both the single and double engine system of steam, 
culture. Messrs Howard, of Bedford, show the adaptability of 
their new traction-engine for working upon hill-sides, the boiler 
being placed crosswise upon the carriage frame, and thus preserv- 
ing the water-leveL" 

113. Traction, and otlter Engines, on Common Roads. — "The 
applicabihty of steam to common roads is a problem of great 
importance, but one that, as yet, has been only partially solved. 
Bailways have rendered us dissatisfied with old-^hioned modes 
of conveyance ; and although vast sums have been expended on 
more than 20,000 miles of turnpike road in England and Wales, 
these splendid monuments of energy and skill ivouid seem hkely, 
in future, to be of comparatively but httle use. Yet, in their 
day, they gave a great impulse to the progress of civilization, and 
oontribnteii immensely to the comfort and convenience of the 
public ; affording a facility of communication between distant 
places that contrasted very strikingly with what alone was pos- 
sible with the miserable roads of an earher period They super- 
seded the bridle paths and narrow lanes by which, in former 
times, the country waa sparingly intersected ; but, in their turn, 
iyhayo been superaedeA fej ■ra.\V«a'^s, TW.\3.\Jwm\i>«%,te^ 
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ever, their disad vantages. On cotainon roads extortion was kupt 
down by the danger of eueeeasful competition ; with lailways 
there is no wholesome fear of such retribution ; tlieir monopoly 
is so certain that they fear no rivals ; and hence railway com- 
panies, knowing how much the public ia at their mercy, lio iar 
less than they ought for the accommodation or the comfort of the 
traTeller. But this ia a narrow-minded policy. At present 
people travel as little as they can ; under a better system they 
would travel as much as they conld : in the one case, travelling 
is an annoyance that is dreaded ; in the other it would be n 
pteaanre, to be enjoyed as often as possible. But abuses, in the 
long run, suggest their own correctives, and parliamentary inter- 
fetence may at length become necessary. There is one remedy, 
however, which might be found more or less effective — the utili- 
sation of common roads, by using them for steam carriages. In 
some rare cases the best mods of doing this would he by rails or 
tramways ; but in most, these would Iw too expensive, or would 
ji^interfere with the ordinary traffic of the road. Traction engines, 
^bteam omnibuses, &c., of on uuexceptional kind, would answer 
^Hhe pnrpose in most instances. These have as yet, however, 
^Kearcely attained that perfection of detail, or that economy cf 
I oonstruction and maintenance which would suggest their general 
adoption. Yet coal affords, unquestionably, a cheaper motive 
power than hay or oata ; and the general use of good traction- 
i^^ngines, &c., on common roa^ls, would lessen the over-traffic by 
^nrliich railways are oppressed, and in meeting which the public 
^Kdely is imperilled. They are, indeed, open to objections, which 
Hlnm to have great weight. On ordinary roads they would re- 
quire the most unceasing vigilance, or frequent collisions would 
take place. But it may be replied that a very nearly equal care 
is requisite on tha part of those who drive omnibuses and other 
vehicles drawn by horses, And, as a compensation for any extra 
attention required by steam-horaes, it should be home in mind 
^t they are thoroughly docile and obedient, never run away, 
and when required to stop, will do so in the shortest time com- 
patible with their getting rid of the motion which urges them 
onward. 

" It is supposed that traction steam-engines on common roads 
traoM Aigbten horses ^ but time woali vxsa. caw ftia «>f\, m. "'^ 
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lias done in the case nf tlie railways, which often pass yery neai 
ccowdttd thoronghferes, in full view of horses who, being n 
le^ accustomed to thew, take iittle or no notice of them. 
steam carriage is said to injure the road ; bnt its broad wheels — 
and there is no good i«ason why they should not be broad — will, 
on the contrary, do good service. It is true that the great diffir 
culty with tmcttoD -engines, &&, is the obtaining a suffiraent hold 
on the road, so as to prevent the wheels from revolving without 
progression, and that this is effected by protuberances which sink 
wUi the rood. Bnt any slight injury that may be caused in this 
way is &r less than what arises trom the horses' feet, in theil 
endeavour to obtain that hold of the road which is neceaeaty alt 
to them, to enable them to progress even with ordina^ loads. 

" Strenuous eiforts have been made at various times to intn 
duce steam oa common roads, and exceedingly ingenious col 
trivances have been used for the purpose. Uut in most, if nc 
in all cases, that very ingenuity — resulting in complexity an 
lightness little suited to the rude shocks to which heavy vehicle 
on. common roads are inevitably exposed — rendered the cost < 
construction and repairs inadmissible in a commercial point c 
view, even when the experiments were in other respects entiiel 
successful. Hancock, Gumey, and others, although their 
vering efforts were not sufficient to save their project* froi 
failure, have added to our stores of mechanical and constractii 

" If the time is not yet come for the application of steam 1 
the general traffic on common roads, there are certain c' 
stances in which it has already been fuund not only a a 
venience, but a necessity; thus, in dockyards, large factories, i 
At first, even in these cases, the experiments were not attended 
with very encouraging results. In steam carriages and stean 
omnibuses simplicity has been almost always lost sight of; t 
this mistake was made even with traction-engines. In attempt 
ing too much, they failed to do as much, therefore, as they migU 
It was not enough that they were capable of locomotion on g 
roarts; it was sought to make tlipm suited to travelling throng 
miaerabla lanes and bye-roads, and even over morasses; and i 
many instances they were expected at the same time to I 
Y eajptihie of driving nartiinerj, ex.tvn5,>iiAwQ% ^ti», Sja, " 
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■ilwaya and other complicated contrivances were therefore at- 
tached to them, and their real capabilitiea were in i great degree 
overlooked, in the desire to tuake them possesa powers that wera 
•OmpEiTalively unimportant. 

" Tractian and other steam engines on common roads are ex- 
ised to certain great and peculiar inconveniences ; among these, 
it the least is the necessity of stoppages for a supply of water 
ind fael. But such delaya, and the diminishtd speed in oscend- 
ng hills, &0., must be compensated for by a good use of the 
totter portions of the rntvi, and only a fair ixpeniffe velocity must 
a looked for. 

" The concussions to which steam engines on common roads 
re exposed — an btU increased by their necessarily considerable 
reight — render solidity and simplicity essential to their success. 
IPhile, at the same time, the loads they are capable of dwwing 
i limited by the amount of adhesion between the driving- 
wheels and the road. 
" Steam locomotion on common roads has made biit slow pro- 
Nearly one hundred years ago, Cugnot proved, by a ma- 
e which etill exists, that steam locomotion on ordinary roods 
IB possible. Locomotives were not used on niilways until 1804 ; 
1 yet locomotives have far outstripped road engines in the 
J. The latter are still struggling; the former have come into 
eial use. Engines for common roads have not, however, at 
ay period been forgotten. From time to time, euthuaiastio ex- 
arimentalists have taxed their brains and dissipated their means 
I attempts to bring them to perfection. Occasionally, even, 
iccesB seemed to have been achieved, Hancock's omnibuses 
m regularly for some time between Paddington and the City ; 
rat, in the end, the railway locomotive extinguished its oompe- 
In old times, the velocity possible to steam-engines on 
1 roads migbt have abundantly satisfied the public; but 
ails and passengers require, as a role, a speed that 
ronld be out of the question on common roads. Hence, perhaps, 
he slow progress of road engines ; they are not so important as 
Hiey would have been at an earlier period, and, therefore, inge- 
bious men have not given them the attention which is necessary 
U) bring them to the perfection of which they are undoubtedly 
Yet railways, though the.^ ^a-ia \ 
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done away with the neceasity fur a good use of ordinary road^l 
which penetrate the country in every direction, and extend into 1 
nooks and comers into which railways will, perhaps, never vea^ ' 
tiiie. Above all, the common roads would he found very con- J 
venient fot short diatancea, and for transit to railway stations. 

" There is no reason why traction- enginea, &c., should not come 1 
into ordinary use. Steam is certainly in many respeota mon J 
convenient than horse-power, and ought to be more economia 
A great obatacle to the more general introduction of traction o 
ginea ia due to the opposition they encounter irom those wh 
have control over the roads, and, above all, to the order recenH 
issued by the Home Secretary, that they should not travel c 
common roads, except in the night time — an order tantamount t 
a prohibition of the nse of steam-engines for agricnltaral p 
poaes. Tiiia appears the more unreaaonahle, as Government 1 
distinctly recognised the value of traction-engines in its dod 
yards. The passage of ateam-enginea along pubhc roads by ni^ 
mnst be attended with a danger which has not been found t 
exist by day. Their noise and smoke are, no doubt, ohjeotioi 
able ; but these are not inseparable from them. The great ineoi 
venience and even injustice of their prohibition, was shown v 
clearly by a deputation to Sir George Grey, on the 10th of J 
ruary, I^ generally speaking, traction engines, Ac, are too w 
and take up too much apace, it might easily be remedied. "0 
reasonable opposition ia an impediment to the progress of ii 
provement; hut no great change, however advantageous, hasev 
entirely escaped it." — From an article in Ihn "SaieniijhS 

114, Tka New Traction Engine Act. — "There are many dj 
tions in which the work of a mechanical innovator in this coiii 
try is the work of a traveller or settler in an Indian jungle, i 
in the backwoods of the Far West, Before he can make mnc 
prepress, he has to cut down a whole forest of obstructivenesa 
and hia time and energies are often exhausted hy futile endel 
vours in clearing away the mediteval rubbish of prejudice. ^ 
task of this kind has been for more than thirty years the lot o 
workers in the application of steam to common roads; and, m^ 
tuphorically, the bones of a previous generation of invenbn 
whiten the track of this direction for mechanical enterprii 
Ap&rt from tlie uanaA d\ffivc.u\\,\ea a\,\a\v-iB.v.\, oii w 
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the traction engine haa hiid to overcome two main impediments in 
this country. Local oppiwitioji and prejudice have taken the 
concrete form of impossible tolls ia Hie highway; and the well- 
meant interference of legislation has been greatly marred by want 
of eugiiieering knowledge ou the part of the legislators. 

" With respect to the tolls charged previous to the Locomotive 
Act, 1861, Mr. Gm^ey stated, in 1831, before the House of 
Commona, that, for instftnce, on the Liverpool and Prescot road 
hia steam carriage would be charged £2 8s. against 6a. for a stage 
coach ; £1 7a. Id on the Bathgate road; and £2 on the Ash- 
burton and Totnea road, while a stage coach would, at both 
places, have had only to pay 5s. 'These tolls were rendered 
more reasonable by the Locomotive Act of 1861, which, while 
doing a certain amount of good, is, on the other hand, by no 
means free from defiaiencies. The great and increasing impot- 
taace of steam transit on common roads is now beginning to be 
more uaderatood; and having reoQived a fiesh impulsion by the 
application of steam to ploughing and agriculture generally, a re- 
vision of the law haa been long called for from many quarters, 
and, amongst others, by ourselves. Mr. Holland, M.P., well- 
known to scientific agriculturahsta, seconded by ^ir Edward Der- 
ing. M.P, and Sir John D, Hay, M.P., haa accordingly intro- 
duced a fresh bill for the purpose, and it has been already read 
twice in the House, 

" Tlie new Act first of all proposes to repeal the fifth, ninth, 
and eleventh clausea of the Locomotive Act of 1861, The abo- 
lition of the fifth clause of this Act, by talcing away the power 
of the Secretary of State to prohibit the use of any traction en- 
gine causing ' excessive wear and tear of the highways,' or sap- 
posed to be ' dangerous to the public,' must be a great boon. It 
will do away with the arbitrary and intermittent interference of 
the Home-ofBce, which has been often called for by prejudiced 
local cliques. Instead of the ninth clause of the old Act — re- 
quiring two persona to every engine, and a third if the engine be 
lOre than two waggons — at least three persons have 
p be employed for the engine, beiiidea the man attending. to the 

jons. This third man has to 'precede the engine by not lees 

D flixtj yards,' and the engine haa to be Bto^^ed or worked to 
^ aignsUing. Any steam whistling, ot opeuiE^'Ciw ai'ai.tR^ts^ 
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or blowing-ofl' at the safety valves is prohibited while t 
road; aud the engine must be stopped if required by anybo^J 
luanaging a horse in. tiib Heiglibomhood of the engina Kot" " 
is said about any lights to be nsed at night, The limit of si 
according to the 1861 Act, ia ten miles an hour on a tumpii 
road, and five miles an hour in passing through the etreeta of 
town or village. This ia limited by Mr. Holland's bill to fo 
miles an hour and two milea an hour respeotivelj. 
' no locomotive shall exceed 7 ft. in widtl^ or 12 tons in weigh 
except by special leave iromthe municipal or other authorities 
the district where it is intended to be worked. These limits a 
to he increased to 9 ft. width, and 14 tons weight, but the tii 
of the wheels are to bo proportioned as previously. As will 1 
remembered, the minimum breadth is Jixed at 3 in. for any tia 
tion engine, " not drawing any carriage,' the width having to 1 
increased 1 in. fur every additional ton, or fraction of a tot 
while every traction engine ' drawing any waggon or c 
sliall have the tires not less than 9 in. in width.' The whea 
miifit also *be cylindrical, and smooth soled, or used with shoe 
or other bearing surfaces, of a width not less than 9 in." 

" The feeling, after perusing this bill, is that of a sort of than! 
ftilnesa for small mercies. Its framers are evidently firm 1 
lievers in the proverbial ' chi va piano, va eafio et loniano,' cu 
apply it to both the engines and the enactments r^ulating the 
use. However, we do not object to the limitation of speed. Inth 
meantime the horses will become educated to the eteam engta 
and the speed may then be increased. At any rate it will put 
stop tu amateurs rushing wUdly tlirough the countiy on ttactia 
engines — frightening good people out of their wits — and retarc 
ing their application to useful purposes. In the nest place, h 
taking away the power of the local authorities for undue inta 
fereiioe, it will undoubtedly do much good. The state of thi ^ 
is now more equalised, and local impediments are smoothed dow 
. by the legislative garden roller. But the bill has some of t^ 
fihoTtcominga of its predecessors, and it shows distinct traces of 
want of technical knowledge. It still requires smooth wheel 
limiting the width of the tires to nine inches. 

" These requirementa, and especially the first, are of course ii 
tended to mset the danper oi iiijwn ^ '^''^'^ ^''^^ "^.o-b Vu&^xttms 
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nnld doubtless be anrprised when we tell them the requirement, 
I a smooth surface just tends to defeat their purpose. As long 
■ a Theel does uot slip, it is more lilcely ta do good than harm 
I the macadamised surface; but as soan as it slips, the wheel 
0. acts as a sort of portable grindstone, literally' grinding up 
B metal of the road at pRiticulur places. Wo do not by any 
s propose that spikes or spades should be used on the peri- 
j of the wheels; but there is a mechanical golden mean be- 
Q the portable grindstone and tho portable digger. A num- 
r of hemispherical stoel studs spread over the sniiace of the 
), and jutting out from half-an-inch to three-quarters, would 
Kimonly prevent slipping, on the one hand, and as often the 
B of paddles, on the other. 

"The fact is, that we would strongly advise Mr. Holland tit 

e scientiiic evidence, not merely upon the mechanical points 

pjnodern traction engines, but on the whole question as to their 

It is not improbable that, with tho same weight of traffic, 

B toad would be injured much more by the hoofs of the horses 

n by the wheels, smooth or spiked, of tho steam cart-horae. 

e is another question of enonnous importance: How far may 

e expected to serve instead of the expensive feeders of main 

s of railwBysl There is now more than one member of the 

e who owes much of his wealth and position to liia having 

moted the formation of needless 'feeders' of lines of railway 

p'ibederB which have acted with a strong force of suction on the 

Icets of tho unfortunate original shareholders. We should say 

; one of these men would be louder Iban anybody else if his 

Q of thoMughbreds happened to aturt at a gust of steam from 

B exhaust pipe of a traction engine.'' — Engineer. 

116. On the Applieation of Machinery to Agriculture — Some 

"binJj Affecting its Future. — From a series of articles by K. 

pott Bum in the " Scientific Review," under the above title, we 

) the following: "The most economical way to apply the 

w of steam to the culture of the soil, whether that be efEeoted 

f the aid of the plough or the grubber, or by the rotatory oul- 

Wtor, is another of the problems which await a successful so- 

ion. Possibly some of our readers may tbink that the solu- 

a has already been given; but while admitting ttat ^ wA'i'ais^ 

if 'One point baa been fairly obtained, we are 1m %«ki. *fis" 



I 
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that this is the case with the whole of the points involved ia 
prnWem. Thua, while admitting that it has been proved ths 
steam can be applied to cultivate the soil, we cannot admit thf 
it hoa, OB a rale, shown itself capable of being applied econom 
cally. A vast deal has yet to be done before we can make 
steam cultivating machine as widely and as easily applicable t 
the hoTso-dragged plough or the grubber; and until these poini 
are reached, it can scarcely be said that steam has accomplisho 
its mission. Its succesBfu! adaptation to large and isolated farnu 
is, no doabt, peaiiliarjy gratilying, and prov<^& what can be doi 
by its aid ; but its full power will only be witnessed whs 
it can be easily carried out as a part of ordinary iana 1 
hour in all localitiefl, An<i it is to aid in this wide 
that the attention, of our mechanicians and farmers must be 
But we confess to seeing greater difliculties in the way of fleldi 
being presented in the condition best fitted to aid the applicatioi 
of steam to their culture, than iu the mechanical realization a 
plans fitted to carry it out. We have unbounded faith in thi 
mechanical abilities of our engineers, so that, sooner or later, vn 
shall have mechanism adapted to cultivate the smallest holdings 
but we have not an equal faith in the likelihood of proprieton 
of land doing what we conceive should necessarily be done " 
fore steam cultivating mechanism can receive its fullest develop 
ment. So long aa farmers continue to look upon the work to ' 
done in connexion with steam culture aa being alone within thi 
province of the engineer, so long will its successful realisation 1 
retarded. Farmers and proprietor of land have much to do I 
aid in this, and bow they can aid we have had occasion mo; 
than once to point out; and if again we do so, we tmat oi 
readers will pardon ua, not because the views we entertain & 
mere crotchets of our own, but because we do consider that th< 
have an important bearing upon the future prospects 
cultivation. The new power, then, brings into existence a ne'' 
condition of circumstances, which must be attended to if the fill 
development of that power is desiderated. Machinery, to b 
used most economically, must be used as continuously as possible 
the more breaks and iuterruptions there are in its working, th( 
Iow6T the per-centE^e of pioftts. This not only demands tha 
the machine we work witib abgiSLJift.^ «fepan% ■i-T.A'«^il..--^'s>^9 
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^^Goned that, once set to work, it shall go on working for the maxi- 
mum of time with the mmimum of hreakages and ropaira — to 
secure this ia the task of the engineer — but there is another es- 
sential element of auceess, and that is, that the material upon 
which the machine is to operate bo presented to it in the condi- 
tion best Utted for the exetcise of its powers — to secure this is 
the task of the party using the machine. This may involve cer- 
tain preliminary operations: in the application of steam power 
to the culture of land, we maintain that these operations are ea- 
sentiaL We maintain, further, that theae operations are the 
work of the proprietor or former of the land. What these are 
n only be briefly alluded to here — namely, the enlai^ment of 
Ida, by taking in a number of small fields ; the getting rid of 
_e fences and wide ditches, the leveUing of land, and the re- 
^val of hage boulders from the soiL These two positions here 
d are axiomatic in all cases where the apphoation of machi- 
s concerned, and they are as apphcable to farming as t<i 
fay other branch of business. If neglected, loss and disappoint- 
ment will follow, just as we have seen that they have followed 
in more instances than one. When the farmer fulfils his condi- 
tions as whII as the en^neer has fulfilled his, we shall have, in 
the application of steam to the culture of Lwd, fewer of those 
annoying breakages and stoppages, with which, in the history of 
the progress of the art up to this date, we have been too fami- 
liar, The economical application of steam to the cultivation of 
the soils of our small farms is thus one of the problems yet to be 
solvedj and its importance may be estimated from the fact that 
large fields and farms where steam culture can be most success- 
"illy carried out are the exception, small onea the rule. But the 
roblems counected with the future of steam culture are not yet 
[haiisted. 
"Animportant element in the discussion of the points connected 
Srith Agricultural mechanism is that which has reference to the 
1 of work done by it, and whether it is that which we require. 
inother not less important element is the. consideratioa as to 
Whether, having got a machine to do one kind of work, it is all 
e kind of work it can do, and all that we require. As a rule, 
e and better work will be obtained in agricultural operatioi 
y having them done by one part at s. time, and that part done 
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liy one implement But when we bring to our aid the powei 
of steam, wo bring such aii expansive and generally applicable 
power, that we can yoke it to a many-sided purpose. We have 
Been what wo cou make it do in the bam and the fold, and from 
thai we may predicate safely that we do not exhaust its powers 
when we make it do one work only in our fields, and that work" 
ploughing. Ploughing does not e^uiust the labours of Ihe fielil. 
' Wo have to bow our seed, cover it in, hoe and weed the growing- 
CTopg, reap them when they are ripe, and cart their produce &ou 
our fields. Can st^am help us in none of these things % 
Truly, he knows little of its adaptahility who thinks it cannot 
But there must lie an adaptability of dECumstances between th« 
work to be done and the power which is to do it. Steam has 
its peculiarities, and these must be attended to before we i 
command its powers. One of these is the continuity with which 
it gives out its force ; and this economical feature is connected 
with it — the longer we can keep it at work the cheaper can ■« 
get that work done. We work steam, therefore, to but a fraction 
of its power in the field when we make it plough only — making 
elaborate preparations for that process, which preparations are 
valueless after the primary work of culture is performed. It is — 
to borrow an illustration from the book trade — like setting np 
^pos for one edition only of a worii, and then distributing the 
^pea ; whereas, by stereotyping them, we can reprint the work 
at a mere trifie of the cost. This points at once to some means 
of making our preparations for ploughing our fields permanent, 
so that we have not always the work of preparation to do each 
time we cultivate them. Leaving for after consideration the ques- 
tiou whether this permanent preparation would pay for plough- 
ing alone, it is evident that a point is offered to us in connection 
with it of immense importance — namely, will the preparation we 
make for ploughing enable us to do other work of the field by 
tlie aid of steam ) If so, it is quite clear that we bring in another 
element which will greatly reduce the cost of the application of 
steam to the cultivation of our farms, using this in a more ex- 

I tended sense than involving pr^aration of the soil merely. This 
extended application of the power of steam, then, is another 
problem which awaits the solution of our machinists. As yet, 
bat (he outer hein.so to Bpeakioifta(rabie«\,Viia\«ia\\a!«istv-o5j-^ 
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we iloubt not its fuller investigation will lead to some practically 
nael'al results. But tLia very preparation of tLe soil for the work- 
ing of out steam -cultivating machinery involves a uae for it in a 
direction to which much attention has not been given, but which, 
neverthelesa, is one of vast importance — namely, the moeing of 
toils from one part of a farm or a field to another, so as to bring 
the whole to as level a surfece aa possible ; and, further, the 
mixing of soils. "We can but simply allude to these two points ; 
but much might bo said on both of them did space permit. 
Suffice it to say, that in the mixing of soils so that ne can take 
frrim the redundancy of good, fertile aoil of one part, and tians- 
purt it to and mix it with defective or sterile soil of another part, 
lies a future of utility which has somehow been strangely over- 
looked. To aid in this transmission of the fertile wealth of soil 
of one district to the sterile deficiency of another, the extension 
of agricultural lines of railways will be of immense service. In 
this direction alone much has yet to be done by the engineer. 

"In close connection with the -subject of steam culture is ob- 
viously the improvement of s'eam-engine Tnechani&m. Although 
we have every reaaon to he proud of what the steam-engine has 
ilone, we are fully convinced that we have not yet come near the 
filtimntitm of its power. We have yet, we believe, to see a re- 
markable development, and in the direction of great power com- 
pressed within little apace. In boilers, too, we have still to see 
vast improvements. Man has not yei the mastery over this 
powerful servant of hia ; hence do we read ao often of such 
frightful accidents taking place through its means. GoUer en- 
gineering is in its infancy, and with greater economy we shall 
have yet greater safety : economy in the consumption of coal by 
improved furnaces or modes of firing, safety in raising and stor- 
ing up of steam in improved boilers. These points involve sub- 
jects of the greatest importance to the future of agriculture, and 
will test severely the capabilities of our engineers. Other prob- 
L Jems awaiting solution are the beat modea of reapingy housing, 

d preeervhig grain. These are of the highest importance, and 
Uve not yet met with the attention they deserve." 
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